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(57) [gifo] 

ssmst^iiirf 5 c t * s w t-r 5 . 

MliCo, Fe, iSitfN i A»&&5»,J;0Itfnfc 
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u, Ta. In, B, Nb, H f , Mo, W, Re, R 
u, Rh, Ga, Zr, lr, Au, *±tfAgi^a 
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mhco, Fe, fe^^N i frztz&mzvmiintc 

<hfc2:fi©7C*££j&»-<»:U Pd, Al, C 
u, Ta, In, B, Nb, Hf, Mo, W, Re, R 
u, Rh, Ga, Zr, Ir, Au, ;fc«fctfA g 

33* «k d »fcrn&d>& < 1 t>-o©7G*a*»»&*sn 

[0 0 0 1] 

[5Bwo«-r*fltiB»»] *«9iH:. ma^y k^ke 

[0 0 0 2] 

zmmmm-c^-f Mzmmztizm&z&itiTz 

tmshzkm^v HSrffl^^ctt>5iie.nTi^ iieee ma 
G-7, 150(1971)]. zL(om%mm%m^v f»4, 

©&®tt#©m^J£ffi#fl.SKB#©5£3 ICISUT^T 
^t^^^fflbfefc©"?*!), B&J5IB®i«#/fl© 

[0 0 0 3] fiS^Sta^S!^^ Ffc*l>T»* 

>h<tP#^) tctt. NiFe#4 (JWT, A-vn-fi 
*BST-5) ^ttfflSntt^. /t-VD-ftt. &$fft#; 
Ig^tt^tts *>©T*>«*J8^fl:*at**-c 3 % 

#-e&-3„ Z\(Dfztb, MRXU*>h$m«iLT> <fc 9 

AHBRttRausttRft: t t> ©**S * nx t » * . 

[000 4]iS¥, F e/C r-f>Co/CuCDJ;5»C, 

w©RR«tt«*ite**ijfli LTg^&BA&ttRtaPsi 

flSCt**fltS8$nT*0, SAT1 0 0%£jg*.-5A- 
^&®3t&in^fb^£^Tfc©fclB^£*lT^5 [Phy 
s. Rev. Lett. . Vol. 61. 2472 (1988)] [Phys. Rev. Lett. , Vol. 
64. 2304 '(1 990)] . 

[0 0 0 5] &&&Rtf£&81£tt£L&fritt&' 
Tt>, R«-r«M«ttRIBOS3l«ttttli^Sfflt»'ri: 
9JO^aT#«ttR*»E^2 ^©iS«ttR©-*K5!E 



2 V-/ 



ttR^ijEA/TS^irs^fTftttRs^Dmb, 

* u^TltX £ [Phys. Rev. B. . Vol. 

45806 (1992) ] [J. Appl. Phys. . Vol. 69. 4774 (1991) ] . 
[0 0 0 6] AlttTpR, XKWX^^RjfiOROUT 

nt». 3ft«ttR©a«K:J:oT, &RR©&$iR<Hft& 

y«it-rCoSffl^fcS-&, ^tfCo/Cu/Co/ 
FeMntlt 8 %©A£&&*x^ffcs£££i;-5>;0^ ft 

®tc, A-VD-fSffl^fei^, WAtfN i Fe 
/Cu/Ni Fe/FeMnXIt SIA^II^Xt 
>y K&T©JMFttRtfKft3nT<r>«;tt. &ftXfc*t* 
4 %S«iA^ < »4&ir» [J. Al. Phys. . Vol. 69. 4774 (199 
1)]. CO±5t. «RR©*«SM»tt(4a»"C** 

JStfl«fl:*3J««Tf *. bfcrt^T, WBAtttt* 
«fcr«tft3Cfl:*©l5**RfcTSUBR©«lJ«7n**J:W 
RR»#S*£«*.S*rO>&^. 
[0 0 0 7] Sfc. 2-3©^^ ^"©Ktctt. £tT©l9ia 

[0 0 0 8] AiWTR-ra, 8*l'>2?&Rftbfc& 

#®«jStC@C^t?a&3©Tf, S^tL^JE£R^BR-C» 

[0 0 0 9] XhT>/W:7R£©R-?tt. ^fflKfCN 
i FeR«fflV>*ifi#&R««»tea*»&n*a», R 
«ttR£#«ttR©#®J&«2 OiifflTi R/RJ4AI* 

^RKjt^T/han. cojisoft&m-e-rfct&ic&R 
»«ttR**#ftfs c t £&£©TXbf>&#«a#«i 

fW£n, jttJ9AR/R©4HaiiMWC«]a:&). 

[0 0 10] $&. RSiAy HCRT«R«ttR©RS 
*toSriaifc«^«»*lnAfc«*, H-ft©*©&&ttR-? 

»ft30tiHite-r*©-c, 08 3{c^-r«fc'5ic. m.^a^tc 

«fcORR«ttRl±©R«ttR2£, #«ttR3±©R 

attM4©a<b©^T^SSr^l9 0° STL^A^n 
tS«*i6lTttl8 0 o STOftRje-ft^ 
£US. ^©^. AR/R(£»SM^l4©«U^k:R 
'>t5. Cit, ^^^.SRRttRl±©RttttR2© 

321©/N*1'TXfi8^i£Me>^©^ffi-r'^< bTfl*©3im 
tt^2, 4©Wk(Hlte^fiJffl-T i #Sck5Cbfc»^, * 

m&m 3 ©Mj*srs?< uxe«tRfl:«!©ii*« sm-r 

t. 2t3©RSttR|H)k:RRttA9«:ll^]»HA<^i6tc. 
0 ©ttffi-?ttRRttRffl©Rfl:ttlP!2rl*l£ffl 

<. -€-©ife*, ft^m^lC«kDa[^lEiebT : fc20©^ 
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#>lCft.5. 

[0 0 11] 2*>\Z. £©#!8ttJBiroi^£»<bfcit 
£KflK 2^<D&attJ^©&^ttl$fti!g-&ki, ^att 

^*H4©&$fftN i Feitii wfetom^mmmft. 

ffittt-ZU. 0 8 4 K^T «fc 5 tC> iW0t2^ 
[0 0 12] 

[^^»ftb±5i:r^^] AI^ltXtf>A* 

^rfii^a^nx, &#K:ttT3ffi^Sftest^fc*<#>tf 

[0 0 13] m2fc> A*;w^A^-fe*>y-f XWffl^mft 

gftHg**£5. 
[0 0 14] XhT>ft#ffi:a£f»Jfflbfc 

[0 0 15] ^ggtt^s^jc^T^snfcfccDt? 

[0 0 16] 

[»Hft*»t5fc»fl)#8] ±EB»t«SWSfc» 

fc&3ftfc*$6 Wi, 0 1 k^-t 3 ftx tf >/\*;p^«l 
jg©ffi[$rc«04 CSTJ: 3&Al«kfllStT5«« 

CD$m<fcbX«, 4#lCgl5££*lft^fg9, Co, CoF 
e, CoNi, NiFe, t>yxh, NiFeCo, 
Feg N^Sr^tf^^i^Tfr^.. Com-, 
Fe, (0<xg4 0lf%) *><=>ftS3£fiBttlg£tt, A 
AR/RTA^fiH c 5:/Tt©T!lf $ L^. 3£fiBttJ8£© 

fc. #»*U80«fttUTtt, Mn, Fe, Ni, C 
u. A], Pd, Pt, Rh, Ru, Ir, Au, 



ttAg^D^fiBtti&JII-^CuPd, CuPt. CuA 

u, cun i uttf-res. 

RJPttO. 5~2 0nmTa5-5^t75i« : Sb<, 0. 8~ 
5 nmXfc-S £ t^»c»* b<^. 
[0 0 17] 

[0 0 18] *mW<D$£ lCDSEBHtt. XflLhfc, '>ft< 

2 ^<DmBmm&mtfWtt-i!» o , 4>ft < t t-^© 

«IttCo, Fe, *WNI*>66;5*J;01tf 
tlfc'>ft< £*>1«<05e*S£]««-£U fro, 

[0 0 19] gl <Z>X9!lc*fr>T, 2"P©MUBttita^. 

b ft U> - 1 -5 . b tztfii X, 

£>t, ft^BEftttt, f ccfficDi&ttt (l l 
l) M£j§:i*b, h c pfiroi^tca (0 0 1) ®£g: 

[0020] mi ©fgwc&^x, mmmm^m<Dm^ 

ttS©«»l:Pd, Al, Cu, Ta, In, B, N 
b, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, 
I r, Au, 43j;tfAga>6ft-5S?<fcDMtfnfc'>ft< 
£feia0>7C*««ftrr<£3r& &&tKfls¥<Dffi 
Tj&*K£A/<!:ft^Pd, Cu, Au, A gWgsJndW* 

ociseeji! a«t^fiSttRt©wfccu, 

Ni, CuNi, NiFe, Ge, Si, GaAslfO 
f c c IfrF ft*rr**rt*» N i 0»0»B«*H i **f 
Ti, (CoZrNb, CoH 

[0 0 2 1] :^T. #b<MBT«U^*{Ml£*-r 

£, M7L\<ZCo%km&tiimiZ3o^-C. CogoFeioMlC 
ttS^n* f c c»f *tt6iWtt«*fflt»*l^l: 
IS, Cu-Ge-Zr, Cu-P, Cu-P-Pd. C 
u-Pd-Si, Cu-Si-Zr, Cu-Ti, Cu 
-Sn. Cu-T i -Z r^tCft^^tl^Cu^^, 
Au-Dy, Au-Pb-Sb, Au-Pd-Si, A 
u-Ybmztt&2nZ>Au$ t '£&. Al-Cr, Al 
-Dy, Al-Ga-Mg. A 1 - S i ^teft^SftS 
A 1 PtJKt*. Pd-Si, Pd-Zr^?lC 
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ftt^n^Pdl^, Be-Ti, Be-Ti-Z 
r, Be-Zr§©Bel^, Ge-Nb, Ge-P 
d-Se^SSh5Ge^^ Ag|^, Rh 
Mn^, I rJ&-&&, P b f c 

c*&^^-r^^JB^> sfciscn?. f c c*ffttr 

•&«JR«^J^2:-r-5^^ Ge, Si. y-f-V^> 
F»©^-Y'' i E>K**jS GaAs, Ga 

-ai-as. Ga-p, i n-pm<Dfflw&8ummm 
fe*-r*«»«*nM«E f c c^^*-r^«*4tLT* 
if en, c:ne.co(t>*^s«nfc^< ltssi 

TS**, Cu-Ni, Cu-Cr, Cu-Zr3?tCf^ 
$*l3Cu?££-&, Au-C r, Fe-Mn, P t -M 
n, Ni -Mn^CD^-^-E-Wcf©— ^JtbT^tf 6tX 

[0 0 2 2] #«tt#M«m£LTtt. ?H8ttC!>*7G 

%-x><§<D&m&#&mtmmmtf s n-s „ 

[0 0 2 3] -h^LfcJ:3?5:T^OI^tt. #tcK5£ 

cnta, T*K©^J»^**0iP< bx*>^-n« 

T«si^tc«tn^«ds©w^-*^^<, asm^u-agm^ 
jt^/h^<^s^e,-r^-5. ?gl ©fgWC^T, T 

w-mfc&Mwmbnzrctb. (in) mfi\<D&.wizm 
tlx. *<D±izMf&-fZ>&m&mo>ttffi :i £m&. setc 

«i#^4B££:©#M©¥*t14©fa±£@3 C t^T^ 
fg 1 ©5!W»c*3ttSTlfeK<i: LT, # 

[0024] T&&&mj8.-rz>m&. ssjuaiSHi 

ffiBS 1 ©TftlOlJfli: IT, fee te^WT 5# 
^fi8tt#aS^*ffll^«-&tCli. Ti, Ta, Z 
r ^HHi^HK*}^^ £ ft * 3 

©Sf£2©Tifel8i£:, mi©T^tS«i:©P B 1tcEeL 
fc2®fi5jtlc-r«»Cli:*W*Lt,^ Z.<D£5Uffi&UZT 
-SCtJCfcO. ft^ffi^ffi[6]©(6]±{CJ:oT#e.nS 



» J: 0 tr»*m*» 6 2 (DTmm&m wet 

«sH^2S^±©fllH«3g<!:bT^ffl-r-5*^tC«, ft 

mmmnmztisxi o onm&jH*.ttt>c£j9«a£L 

[0 0 2 5] ±3^bfeJ;5ft:TSfiffi©f^S^j*ibT 
te, 13. 5 6MHz 0 0MHz&Lt©i£«feia:« 

2 ^X/Sy^'J ECR-ft>iW>) 
7V>i-f* >iSI#©«l>!r ft ^ >M 1^ fc-f * > t: 

-s. rne.©jEKM*te(c*iiT^^tibT, 
sxcDtim^mmxxnmmMmik&mvx. 

^©WSSTfTP^t^fiSTfe-S. iOAttWctt, 
H 2 0*3*^02 ©-g-^fi^pPBi J^TtC, M£L<ttpp 

[oo26] mi <D%m\z^x. atttttRotm^ b 

T(i, CoS^Ml^Ci^SlK r©Sft 

te, Co4Mt,)Sl'^tlt #en^>fi5MSin;^m* 

ffflfiStffftAR/R*S4 %!SiCo^©i^ 
SSUTfeC o*^T3*i*fti&liraft&7j&©fcie>, 

t)c^^tt*s^nst*rfi]JLLft^sn^^^eT* 

£©£€?, Coioo-iFei (5^x^40 

*tf c effi (111) EfSli-rseitTl 0% 
JW±©SAR/R i80 A/m*#S©<£H c £*-T©-C 

[0 0 2 7] &m&mo%i&®i$H*. ^©X^lll^fffl^ 
\Z&tf2>m&M (MTLlif c effl (111) BS) SMtf 
-^©o>y^>^-^©i#fiii|i^2 0° *#t, ^(C7 

[0028] mi (Dmwiz&^x. mm^momm^m 
mit. c o f e^***±rii»tr*»«tt«io3ft«tt 

ifes^m^^fiK^n^viieffl-efe^^s* 1 *^. ^ 

^SOtc^A 1 , Ga, I nTcfe-S^-g-KW:, ^ 

**Nb, Ta, Zr, Hf, B. Mo, WT*-5^-&tC 
tt^#fl*u 0at%*^-ca&-sc:<i:*W*b^. SsJiDtc 
lii'Cu, Pd, Au. Ag, Re, Ru, Rh, I r 

[0 0 2 9] m&ttmhLXte, MgO, t7r 
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—VL., S i C, BN. SiN, A1N> BeO> Ga 
As, GalnP, GaAl As, BPI^fcf^S^n-S 

3$ffi4R©Jp3ki:2 OnmJWT 
iCtSChdWitK §£S£ttR©»£#2 0 

[0 0 3 0] d^T, a^®E|6)tfc±f2fiSttl^T«, 

m$i&miisTbmfcj;m& d i n Brta^fl-ns 

teii, % l ©%?>3©flB»Si7i2&m^tt. ±EWAk:Ai 
A.T2H81SR t 3£gmR£3£S tC«SIaI«S L fc *> ©T 

[0 0 3 1] Sgl©fgHj3tC*5^T, Co, Fe, $>JzZfi 

n i ^e.7S-5pa;DS«nfc^< <tt> ia©7E**± 
j&a-t-rs&effig©*^®, M*.tff ccfidi 
i ) ®^K®^a*isitcEi6j-r - 1 ic a o 
»*H*tf#«5>n-&. ^n«, fees (in) ®i*3fc 

gm&lrV0>&-r&«. Sfc, 3£fiBttR£^B£-r3*1£© 

+>y*-^*ttiii*2 o° *r, m&h<\*7° jwt 

£&:SJ:5ldEffl-rS£&lCJ:9. «fil# (He) #1 
o OA/m£TC««Afffttt«S&tt, ft£fflR*»ffi 

©Eft (0HA«f c effi (10 0) Eft) *±ias^ig 
tfi&itm (AR/R) (09*.«CoFeR-CttAR/R 

~io%) , &£ttev>att*eftic^sA£&ta8 

[0 0 3 2) cici-c, mmmo^m&mmffiom 

!3MffliBaa&#£J:9R9ATjft#&&-5. 

Rfc«£-**iii*:itt©S5R**, Rj&A^©a&fr£& 

;i©«&»tfRHl*Tjl#tt*#LTlr>-5;:£a** 
a. l/fc*bT, £©#[6], -r&to-feRBSrtjfcfl-KJ:* 



[oo33] -r&*>-s» flWR&oaittttgtoiiAei^ 

£C*;i£K:J:D, ISftElftffirteDJB'FBJIfcSLna** 
U;fc»^ ^©&n©*£&#fifc^>xstft£dit-r;r 
■htCioT. ®^te#fal$K:^<©#B:}3<fc£J&JKttR 

[0 0 3 4] ^2©lilB. SfcLkK, 4>&<£fc5£fi& 
14R, #«*&R, *«t^H«ttR*«)i^«|liSnT&* 
«RR*ft«L&^»^**?-T»oT, 4>&<£ 
t>— :£©&fi8ffiglteC o , Fe, iSitfN i d^^6S 
J:DlH*lfc*a< tfe2a®5c^*^5j'iU P 
d, Al, Cu. Ta, In. B, Nb, Hf, Mo, 
W, Re, Ru, Rh, Ga, Zr, Ir, Au. *5«k 
A g A^&SSJ: 0 S«nfc*l>& < £ *>— rxDTnsgdt 

as**?***-*-*. 

[0 0 3 5] Sg2©fl!i3©J8SC«ia^*ili^te, _kER 
*>©-C&^Tfc«fc<^., 

[0 0 3 6] *2<z>9BHfc:*stvr, mmTcmomm&m 

C o F e ^9£^#&r3aHBttR(Z>lttBtt 

8stJ[l7C?Sia*A 1 , Ga, I nT& # 

**Nb, Ta, Zr, Hf, B, Mo. WT&5*-&tC 
BttMl 0at%*#|-Ca5SC 1 i:dW$b ( ,i <> ^Dtc 
iWu. Pd, Au, Ag, Re, Ru, Rh, I r 
^#Stt4 0at%*Str»SCli:*W 

[0 0 3 7] *2©»Wfc*^Tti» ±^bfcct^^ 
JtaTn^SrJnA^dtJCiO, HcAn00A/m$tT 
fe^^« : 7S:iJcmM!|*tt*cl:^5%JW±©AR/RSr*-r 

(£> A 1 , Ta, Zr, Nb, H f ©SsJllTte, 

fetinxv^ttA&ns. $e>(c, Pd, cu, a 

g, AuTIt 4 0at%gft^-C^:aiC^Jn^WLT 
^^ii:tcj;0, Cu««E)4>n^ttttR^O«7flE^4t 

;LTiS AR/R *R»T * - tJ8«T**. 

[0 0 3 8] ?j§3 ©5§BJ«. S«±tC, (n + 1 ) H© 
»«ttRt n JB©#«ttRt*«X5fc»riESnT3&:*tt 
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[0 0 3 9] , mZ<DW9\\Z3S>^T. SM$^5 0/iQcii 

i055I«T©«IItLfc©(J. 3$G8ttBI/#&1«© 
#ffl©»tf^<te*>i, ftJS&tttt&K/ttttttR©* 

[0040] z.<D&o\z. &m&miz&&ttimm&mi 

if J ><hii^ £©»^(C±3tt^©X tf >©Si|gfll3S£ 

Sf^It^s. fc«u c©ttffiiflftttttKtm© 
ffitft^a* 50/t Qcm*#|-e*£ <fc, ©E5J£ 

Tl/$5. »S~rntf, £ia2£#5 0 /*Qcm£U:©3&8 

[0041] *ajrwtt§i©«»t urra, ni. f 

e, Co, Ni Fe, NiFeCo. CoFe. Co^ 
^?fCTi, V, Cr, Mn, Zn, Nb, Tc, H 

f, Ta, W, Re*©7C**aSJPbfct>©*^f6tl 

[0 0 4 2] £3©%9!lC*trvr, jiSJgJa&fiBttlglte, 

ipftRiioaBMfcigeRiffjrK iMBttK©Rft;f>n4itfa8 
WEHST*. cnic«to»«ttlll©lll:«j!iWtt««3MI* 

n*„ 

[0 04 3] «JffiKIMBttil£ LTtt, CoZrNbl? 
^e^-5JiSSia^S»m, FeZrN, CoZrNW 
£&SftJgA©ff3&ftttBttffU ** W4N 1 FeXI; 
43^TX#Rh, Nb, Zr, Hf, Ta, Re, I 

r, Pd, Pt, Cu, Mo, Mn, W, Ti, Cr, 

au, ;&«kiMga>&&5#«k»)afmfcfcvrnjo>— o 

©7t^T$>*«^e>7S-5^S:fflti-5C<l:^T€--5o * 
fccn6©tfT. MSI-?>CoZrN, NiFeNb 
f c c«**r*«»*6**BI*«TJlO 
SMBttRKRftJ&fifcTSfc. -t©-h©3HBtefl© f c c 

(ill) !2rsj^{Sii$n-5©T-«tDc:©»*n,i. 

[0 044] lij&Ja&fiBttffiiroBtJPra:. 0 . 5nin&±i 



&£ftjraraBttRatt©Btt*s»<ft9. 7if; >© 

m.m&m&m<D&M%&m* : tnizmt£?z>&mtiim<D 

ttl 0nm£tTTa&SJ:i:*«SSU^. C*"U±, RJ3W1 
OnB*iBA*tMaM!a!la«Mfciiefc««S#it, 

[0 0 4 5] m 4 (DXma.. S«Lhfc, (n+1) R© 

ftSffiRK (fc*5U ntel~4©M&£^T) &AR 
U&«*«fiSa»*S|5*-C*^T, iftfB«BR©«±«*5 
±tfgTB©»ffittR©^& <<£&—:#©»£!&« 5 nm« 

[0 0 4 6] J|4 05fi«C6l>T. 2 <D#m&m<Dtt 

BM»"r*a*«ttM©»»tni;«t*i»Hi**'r* 
•5tt*w&tts«&. Ri©HM8ttRfe f c cffi&rr 

R©tttt£&8ttR©*m£©M©*mg8c©Rb>;d* 5 

«T»©Mi«ttBikiBi»UT»rirr*»#tt. mm&m 
iz^2<D^m^mt<D^m^^Mtb^>z\iiiz^r), 

»*ttR * x tr ^ * -> + ;n«fi a -a- * c t *»?riB t * 
o, £oTjH^%tfs«?©llt&&lMg-r«c£:;0t-v 

[0 0 4 7] Affile, ^2©#fiS14^©#«tLX 
te, Mn, Fe, Ni, Cu, Al, Pd, Pt, R 
h, I r, Au, &£tfAg 9 Sfcftt&g?' 

&< £ *> 1 a©7c3g$riJ5g^i:b^:t>©*fflti-5r: 

a«i:»2©#^tt^<i:©^tcti, ~fm 

[0 0 4 8] R4©fHmi. «R&ttR£«lr>TlMI 
riHfcWH*Sn&^J:3K:, l*«ttR**M6*-**m© 

©#ffi©»a«tiinu * hr>«#«aa*39«**»»cjH 
5febTL*53B*i*«**©-p. &m&m<Dmmmz5m 

[0 0 4 9] S4<DHCfcHT. »2©#«ttR©R 
Pte. 0. 2 ~2 0nni©$SB<h-r jWff£L(^. £ 
n«, &2©#fiBttR©RJSa*0. 2nm*S§T$>-5<t, 
H 2 ©#fiJttRrtfCffiALfc«^a*a«^i©#®K:fe 

^{r#T^t*iBISiftO. i£CRJS**2 0mn£j@A 
T*>, *tt&±©&jft0tff5*l&fri£££. SB 2 ©#68 
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^ t t>mm £ ts. z> * <s t& 

[0 0 5 0] m4©%BJ©mg.fiia^*^Sr-fe>-y-(C 
m-C$> SCoFe 2 fg&TWlfitWr £ «t 

t^z. tamely ^. rtiit Ms 2 <»#mw&<DmnM 
t)mm&f$<Dt&Vim£Qmis<*^£. ■%2v>ym.'& 

*^fiSttK©Sfit^<0 1/4 £LLT&5 £ t*SSSt 
Jgta*<D 1 /4 5MtT?*S tlfS 2 0?H8f!l:RC!>&£tttt 

[0 0 5 1] £®.fc3&454 0%9]t;£, 4>&< 
<fcD. rcD3M8ttKC9JV$«5iuaT2:ff<bTt>. tt 

mm^n^>z.£is.<. 'm2<Dwmnm\zmxTz>z\ 

£WZ ZkoiZttV. 

[0 0 5 2] ±)4Ufc<±:5{cm4cD^BJT«, I20# 
* L l>}£in^fl:^©i«4>£ffl < 3£fiSttl8£cDJil £ rt* 5 nmSX 

?Lz>z\£imm£i3.2>o ^©asm. mm&?&®e>m±\z 

[0 0 5 3] m4©%K©mmSta^^ia, 
[0 0 5 4] |g 5 ©fgBjfte, S«±JC, 4>&<<i:t>3$EB 



[0 0 5 5] Sg5<D§gBJHc43^T. UROWtiLT 

Bi, sb, &tm^v>¥<&m. Mmm.\zF-¥>y 

Sfx^ftiBUfc***, Sn0 2 , T i 0 2 ^©&ffc% 

^«»««mfiif6n«. tMt<agtj*t£. i~5o 
mo>mm£Tz>z:£t>W2iV^. *ntt, mrokaw 

[0 0 5 6] &5«5ffi93;feVVT\ ¥^i*ffSt 

[0 0 5 7] 3&s<Dmw\z&\,*x. wat&ma>Mimit* 

nWk£%i?Z>m&. ^4 0D^t^©S*T5nm^T 
eSfrg*?S«T-5fcie)tc2~2 0nm©|gHfr^Ct 
[0 0 5 8] £©J;5;kSl5cDig9ite. 4>££<£fc— ^ 

SMC^frtet^fCte. m.{t\z¥-ftts.7.\Z>S.tz.\$Mit 
\ZKW-n<nx \L ><D£*> #<DX If>«t>Ofil»tl 

T> 2^«^fiStt^<Dmfk©*[RjdtStMcS¥fT^i: 

-C©^«etri3!l*«. r<0 2oK>«^(c:*3t-t.2>¥i^gfi 
[0 0 5 9] ae»tc, 3£fi8fflBli*3gBt;:i5^T. MitizM 

l/T, 8£K&ft3&K & J: 0 ^c€T < T5 H t € "IffiJC LT 
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^-5. fcfc'U ±fe»M©tt£^a*&ffl4R<fcD/h£^ 

[0060] ±BBT^e*ffe3&*«^»Bitu 
ftfr)ft&tttt&&o&RjiR«q»5n. awii/^- 

SrlSI»-r-5J:-a:*«pIffit&S. 

[0061] 5 ©%n©^iitf3HMt?-tt, 

±EM<£lcftlX.TlMBttRd:llS{iR«^S(C«ftlll«l 

[0 0 6 2] M§6©f£9Jtt, *K±fc. £: fc&fiS 

1£R. KHBttR. -fcJ: 3 nT&* 

«tt«lKBI*bTC o F e 0 "M*Fja*©**H 

[0 0 6 3] ^6©^BJtCt5^T«. ^^fS©^^ 
f c cffi&frr&TttK±£Kj$£nsttttttKtfCo 

ioo-x Fe, (5^x^40 M.=f-%) * SftSttBttR 

F-eigfSf**4 0Hf%^SA5tbc cffi#IXl/Tft 
^SE^^e^SA^TfaiS. CoFefC^Jnb 
#-5ffi©7n^i:bTtt, Pd. Al, Cu, Ta, I 
n, B, Zr, Nb, Hf, Mo, N i , W, Re, R 
u, Ir, Rh, Ga, Au, Ag£#£tf3£<i:AS-C 

[0 0 6 4] SS6©fg9Itc:fc^T, T«tLT 
tt, f c c fttttfJEWC o F e J: D t>**^tWT 

$>iwm.^nis.^t\ sm&m&ffifir? z> c oFr§ 

ftfltfltjtCtt, Cu, Pd. Alf, Ni^n&S: 
*«Wlfcc«Stt*Slllt# 

0nn£lT£-r-&£££tff£Ltr*. fcjEU TifcRlcCu 
^©Stri^©<g;^«^Srffl^fc«^IC{i, -fc>X«»itA< 
TifcRtc#SELg <&&©-?, RflW2nmElT-C&«c: 
£*ftt£&F£L<r>. 2S«£T*R£©IWfc:tt, ¥ 
ffitt&*©fc«©R]W*j£S*vrti5 n tA^W* L < , 
?»Mg©fc*©iiLTH Cr. Ta, Zr, T 



[0 0 6 5] fg 6 ©S§W-e«, f c * ffi-C* 0 KttttR 
©««J:0fc*Sfr*IH^£RStfT**mja»&fc*TJft 
R±fc3ftBteR-C*SCoioiHi Fe, (0<x<l 0 
OBtPX) R£»J«T*£, lg&»fl!)5CoFeI 
£8*3*1, *©ti«Hc;ttfcft£fiTLTJlfffttt8 

&*5, Ji©»^ffittT*ii©a««tfr 

ft: < , ttttttK©K9*TttK©RJP* SWarf * - 1 

i:J;0$Si:airt5. UfcrttoT, ;i©3iSfi&14R± 

*a«ia«:rr'&at«ttR, «j:tfKttBi£m£]ra# 

»J^ST*R©filW*^«ttRJ:D £ 

imz^-r. s&ic, ^©TJfeM^jiKicRjAftbftvi 

fcte>£&#BT©?tt1£#s$fl; bTfitt»t*3W«TT 
Z>m&\z\Z. Jltt£Rj£&3-t»-3«*©&«:M©TJtR 
«J^L;fcJ:5&TM«i^£©WK^ttStf*;i£ 

[0 0 6 6] ft:*, ^6©5§^©®^Stn^|^*^tt, 

Jf bfe *>©T<fcoT*><J; 

[0 0 6 7] SB7©%9!tt. S«±fC, 4>fc< 
ttR, £l©HHBttR, «J:^im««l$n 
T&*««R«JWlU;fcM«fi^SaiHPT»oT, 4> 
ft: < £ "b-*©M«ttgt©#ttB» 1 ©*HBttR£K*Hfl 

©^BBc»«bTjB i ©*«tt«ttt»a:*j»a**rr 
*»2 ©*«ttiitss*tti«t A*S!ak:»j«anT* 

•J, £ft&©&^R£gS2©ttaH£R£;A>&&:S4Mfc 
*JBRrt-C©#a*«ttR©«ft3&*Ht»k:3iflBlttWfcll^ 

•5). 

[0 0 6 8] m7<D^miZ^XU. mi©^JKttRSr 
«^»j*Sn*W«©H«ttRfc»lxTil>ft:< fb* 
2©INBttR^J:^9lH8ttR«IR»»AbTt>J:tr)b. 

as i <D#m&m<Dh-w\z-D^Ttemm<D&m&mT'$>-o 

TfcJ:^. *&, tt«ttR©£l ©?MBttR&£*MH© 
*HfcB«*bTJ6 2 ©*S8ttR*±E«S«ttR*5JSfc: 

2 Hjw«±»j*bT*tt«M««*j«-r* - 1: BjtiT 

2nnKTT**c:i:jWgF*U<, S&fc, EUfcifittT 
^>^fiSttRdiRKKYWft:M3SfiStt^S L&t*Sft©JP3 
-?&SC&;d<&FgL<r>. utxd Jgl&IBJIR't'T©4Hft 

«eR©flWtsaft«tt»*s^*fflic«ofc«)Tr**. m 

5S«tt^©«i(efAiCoFeT*j0, 9S2©#Btt 
R©«m«*C u Ta5S«-&tctt, Ml 2 ©#BttR©Jia 

[0 0 6 9] $Jt, !SBttRa:j82©^ttttR2:tt»7 

S^SffioT^fit^ii, -Tft.^3SfiStt^i:fl2© 



^§3^09-186375 



9 V-/ 



[0 0 7 0] &7 (D5£W\Zte^T. &S8ffiBI<i:g§2CD# 
Z.<Dtz«b, mfflAmm*-V<Dl f *t>$>Z>/Vl'&WC8L,lZ t l:2> 

;v^«ifio«itt» jure* o» ^tf>ft$ 

[0071] m 7 <D%m<Dm%m.mhm.m=f-te. 

[0 0 7 2] aS8©fB9IW;. Ste-hfC, ^<tt>3fi« 

«Ji«IK:BI»S&M3fi«bT»J« an&/t-r rxasrffi 

sv>fcjit&iRiicignE-r-&Jitt»«tT*«»fitBft* 

[0 0 7 3] |g 8 ©ftWC&trvr, «#«»fc«k 0 2 O 

ttBl^ttJf fcJ: 0 £ TX Srfijfflf 

Xl^, ^/^-^Jnil&fcWrslNttlg^ CSS 

2 0©5£®tt^tCl$SLT^n^lS&«tt:BI£ 

A*-f 7XfiB#©#|Pj# 1 8 0" Sfesiptc-^-n-eno 
tfESMittBI©J«ilRrK:«H8»t»iA**|ft* 18 0° 



[0 0 7 4] J&rFfC^-f^&fci&S. — *CD 

ttSttlR^O/W 7XG£#EPtinlCte, 5«SttIt©i 

IftttttK^O/X-f 7Xtt5fmnica. S3SmttKOMIB 

mfr$WLm/*?->\zmi:i,rzm\zm£.T2>»mm-&m 

ZOlZffilstc&m&mA mx.lt. N i F e^C o F e 

z><D\zmvrcm<D®m&mB mx.it* co$ioms 

S9fcB^-r*«t 3 ksji bfc 2 jB«uatrs.j: tats* 
c©2g«it-ett, aftttttKB©Kw. 

tf, Bsfttffi<. ^tttfjlS <&:<&<): 3 HMr***^ 
tC«fc0> tftBttasX-Y 7Xl#a^, 3£fi8ffig£B£-fc 

>xmss©— &&mnz> z. 't. o & ^*>ij>* -> 
t>H/H7x (l^/H7X) *WW*:it38<Tr 

i Fe&9»&&«4telCtt, -fc>X«»S££«*tfi8#©3r 

[0075] K&m&m&m^T&m&mizw 

[0 0 7 6] ±j£bfe«J;5^8©^MCi3^T«> K 

#*ip^.>t^ (**i*»tt]8«A»«ofijjiiit#r*) 

{b^0~18 0° S-CtkUM<£^®#«6HT^bTS<, 
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■J5fa£(Dt£.t m>^n^n+ 9 0° , - 9 0° fcWtfeZ 
30" -60° , -30° ~60° ©(SHrttCtS^^n 

[0 0 7 7] S^IC, «£#©Xbf>A^:/S«Ju£ift#l 

m& 2 nsrfimizteZ) t ±T3m&mme>mm&mi&'&tf 

HTH, #^tt^<D^»*i 2 w*ffi\Ztfo TfcS¥fT/N* 
-f «t 0 £3$iS8ttfcHK{bffi?W3l3i 

T?£<5©T% &ffi^{b^©JllKWi«*a*$fr?i*-5. 
[0 0 7 8] ife, 2o©!S«t£RK:rH' TxmR&tia 

[0 0 7 9] fcii, &8®&n®R&J£&S^*?-tt. 

[0 0 8 0] fg9©2891«:. ^<&'&tttt 

RRRtiiRL&^jsftajftR^-cfc^T, 2^®i 
E3ft«ttBH4-tn-tnfli#«*3&«Bijn-a nt *>^©fi&{b 

£<t 0 ttfla^fcLTe4»R*£RU?«BJMfttHR t 
[0 0 8 1] ^9©^l;feViT> Bfl:e*R<D8ft£ 

mtg^-T z>£.o\zmmTttm. m<t h c ^ 

ilWc&«?-«&BttR£ttfl:ei*RftM 

tt*«fcH*R£«5WttiR©ate#l*li£Sir»fcB£;£ 
tS^StUTtt. RftHfcReMMfc&RaETa.fc'SK: 

Rtt£fcttiE& UTA'-f 7XI*M LGB{bB#BI©E8 
*b<tm£T£#ftKmt£5 k A/mJUT@&©^32 

»*tt5c o f e*6*5«#Tt. mimmmom 
it£&m~Jimzmm%imm(Dm.ft.®w,m&tt5-\,T. 



^©«flsea*itiasrr<5BiBrt3&iRiKCo f eoa* 

[0 0 8 2] JB9©*9!fc*^T, WtBJl 0 OttR-? 

% o&m&Wkm<Dmit(Dttfim&mm&mzfc.z> w 

.ttRncr>S{bO^TAKAt£'9ftRttn(=«:SC!)TS«t]9t 

[0 0 8 3] S6C. -fe>Xt«*Wt**|S|l:lt 
f * £ £ lc «k 0 , ttJMftffiR®8tt;WtftER*k: <k 0 « 

lftURk:ttit>%«dlER#o^«(cA;^ACif>/'fX 
£©*-&, RembPfeSOTR 

»«aiRfc*(riTtt J 65'Tb ! b«flasa*ii**»tbJ& 

^. 

[0 0 8 4] ^9©5§^©®[mfiJnS6*^«> 
±ERj££^T#R19:R&ai«ttR«^lcttRiilR 

[0 0 8 5] I10ffl», S«_htC, 4>&<&<bR 

*«RR**Rbfc«SLffiK3»*»^T?*^T. 2o© 

meRRttRis-c-n-^tim^ttiiiAtmDd nt *>^o« 
fc#ratf?g9tttK:fim£ttS84bl9*R. *5<fctf«-ff& 

IMfttHR£ft 0 . «^B»»0»&fc*»t* 2 o©jffliH 
3S«ttR©«fl;*r6]©^:-rft0^3 0° J£U:6 0° £TF 

[0 0 8 6] mi 0OfH8IC*V»T. RflsHVRoaHb 

«R£K2H8&R£ftR-r« d itCck 0 feU^XR/W 
7XS5W«-r**fet»«fl:H*Ria:«R«ttRft*« 
B*«tt5*tt»#*6. ttlHfttUR^O^W 
7xa#WJin^<i:UTtt, RJMfetURORflaSStt. 
RjMfttflRtcnR£«:»iSRUT»JE£0&RKRttR^ 
SO/t<7X«», MIBSRttttRlcRR£^»]SRb 
T»*bltaittlB*k6»tt*IM^ , «'f ±>7. 
«^6<D*d5a#^Sr?iJfflT^r^. ft:*, i:>X«R 

frz><Dm,fi5.m9t-&m^z>rzet>\zit. m^mzf-tmzmv 

L, «ftH»Rfc*fr»T«fc«5»£»KB»att*«jft 
*»6tt, "fe>X«oii^^<Df|fiiEa^*WbS*^©K<b 

[0 0 8 7] ^i oo»wm fln»«*»o«*»c* 

M-£B{fcB*R£ttjreffiR£«>ft:-rft 0 ^ 3 0~ 6 0 
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-fx^s^ff^cii^-c^^., mi o»^w-e±igufc 

6 0° \zm%.vrz<D\t, fte&30° imx&ziimn 
mmztt-rzmwjs&mRmm-timsiQ* 6 0° zmz. 

[0 0 8 8] CCt, ffi^«#iit^-r^*|6HC-fe>X 

^#©^|6)i*dSa#o9*|fii*^i;tt±(cab?>„ -^©*§ 

5K:t>xm8££SSrr<t:» fi3<fbH*2*l 

&m<DmttJjft\zmtKtz>v>-c* p38fi8ttBi©fiBfb©& 

fatim^\ft\zt3.*&o\z j \L>7smffi.*:ffi.TZL. -corns 
izttT2>mi&mmftmm*:&*.-v2z>. l^ot, & 

,[oo8 9] teis. mi o (vmwvm^mmhmmT 
it, ±mmmztn?LX#m&m£:&m&m&&mzm®. 
m»m v tz <dx& x *> jz 

[0 0 9 0] ^1 KDmWte. &WL±\Z. ^< ife^ 

z>mmm&&ffii>rzm%.m.tn%b%:m z ?-x$>-?x. 20© 
m\zmm*Tz\t.i&muxmmmtftt<titz 2 jujuwa-y 

[0 0 9 1] Sllffl^l:t5^T, A*-TTXIK«, « 

s«<t©KK^n^i^j5£LT*><fc^u mmm<Dm± 
mv> i &M&m±iz2mKk±Mf$.vx%£^v, §t«© 

[0 0 9 2] mi 1 ©fSWcfe^T. BtriBA-f TXlgtt 

£©J:5&£&fiittl8l^e>©3^£^S3#* ifittttR^ 

x«««* e>©ssstS8?M?#A*-f 7xMt isxmmm* 
omi&mzQim-znz. mrxKi 

(C3£&A'-i'7X£«a££ii-3lgi£iHSLT i fo. SiJflgi© 



[0 0 9 3] mi 1 ©awes. «±s*fcti*TB© 
&«mffii© t* *> zfr-mz tt^©«mta*siiti$ jcd^m 

,£©£^©B2fl;@*Bt'v©A'f 
TX^^-H]Jn{X«S^ttK«)«H^)8f -S. 88 
#t£tBffil^©A-Y TXJS^EPJDtc(i^BSttM*fc«S^ 

o $>s^«c o f e m<D#&nmmm^~$m&mj3& 

[0 0 9 4] mi 1 <D%W\Zi5^X. '>&<tfc2I© 

MTxm*± : &vtz&ois.mmmtzmm$itz\* : &mv 

XZ*>\ziikmMm-?Z>Z.t.\z£.r)^ tt&©3MBttgt'vt£ 

mtmm*^m\z-?z>&otssk^n'(T7.m$-*. fta© 

#«©^ttK^«A*;i/^ A^if > J -i XSr»*T-5it 
«£>tCi65.Sg/WS©A*-f yXBS^SrjMA-S £ t^oltg 
•S. ^©i^, 2 1H±0A'^ 7Xld^iM$n* 
mi ^JAliBS^mMW^.SrffiCOfiBI'ftH 

ttST-S^tCtfc^ -Jgbfc»^IKlCJ:DAW 7X 

^. end, J^£tJU~2 0ninieS«)SS#*iaiK»X>y 

[0 0 9 5] $&fC, c:^X2®©/N--f7X^tCj;0^ 

m&mizmijazn&rt-iTxmR&m&zit&t. 19 
m^mm<Dm^m<Dfs.Tmm^9 0° tc^o, » 
A*-f Txmmz*. 0 a*;p^ A^-tf >y -f x*«lS5*T€r» 

H k S^TC o Sttftft* 6ft*HBBttilk:'3l»T%>ll)l© 
[0 0 9 6] *fc, mi lORWtt. 3H©^i4^i3 
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w.±\zmmv. m-tm&zifimTMo&mfemtimim 

[oo9 7] z\(D£ouM%.m.VL%h5kmT-x:u. m±m 
(D&M&mtmTmomm&mte. &mmm. -rts.ty<E> 

m&&mizmmm-t>tm^fctb\z, m^mmz^r)^ 

T)l©3&8ttR©ffi&te i *5fe©3£fi*ttlSI©ffi&te©&-f ft 

*j5«e^«iwc±D«*fc*fl:-rs. *&. «*©*t: 
>A;p:7RiB©Rcit^Txi;>ft#«a*£i;*»a 

[0 0 9 8] 4>A09l«ttM(Z>Bfl:«£lftSttR 
KttttttRtt&tt¥#*i«b>©-? A R/Rtt*Wc4rF"r 

HT#5©T?» AR/R£&T£1*-5~<!:&<fiB'fb@^ 
[0 0 9 9] S<E>tC. ffiStt*©3H8ttRtt. Xtf>A* 

9tfre,<Dm&mmzs»<t3ir)* -€-©*S:&> mmmw\z^ 

[0100111 2 015911 S*±fc, JBIffiftlCAT!? 

[0 10 1] ?gl 2©5EK{C*5^T, 3a*©il5»«8*lfi 

■C, «fiW*«*Kfia^fcUTL* 3 C 

3„ ntltCfcO. £©ffifiUB£R£;*lf>/W:/fllifi© 

[0 10 2] 3 6t, ¥HA««!>Afiim^KB«A&tri 

«««aR£©«JiR£Ufc«£-Tr'b*t: 
S6t, c©iii4sa«©A^ftRttffifriftsita&; 

£tU Bfl:B*©2aAft**:#fri. 
[0 1 0 33 jgi 2»WK*^T. ffi&ttftRi± 



IxTffl^TfeJ:^. £©£*«*«;■ *««*Rfe»ft: 
H»R©«fl:*H»Sli*&»©A-f 7Xft LXfH 
fc»£fc>b, A*tt*£4feHi?«R^ItlR©*&&tt 

«*#fc^»^K^©RI&£ttRStfs*/'M' TXflgt 
Ltfcffl^SCt*^, HI*fc:W;fr©«flB*#fctt* 
rt"bBlSlT»*. 2 etc, S12©»> SS-hfC 

[0 10 4] £TF> *5BW©30MISJW|iWfcR9IT 

[0105] (*ifi«a|l) SfttUT, 0. 2ftm(DM 
£Ms*H¥8&*rr 5ftfe$f:S:«ffi»3 tfT¥^*BIH10*t 
2nmSaic^:-5*-e-t}-7T'f TStSCS (a-Al 2 0 

3S«© (o ooi) H) *^*y^r5-*;p#y.yi'> 

[0 10 6] c©t7 r-f 7iS4X^ft >;^-rti: 
ifl. *^-v>A*— f*g£ 5X1 0-TTorretTtC^T 
•€-©«, ^ft>A'-rtlCAr^S#A 
U X^^A*— ft£i&3 mTorr^UT, *54 0 0 0 

J:tK SllC^-riPtC *7r-f 7»R1 OJtCttR 
tt!t*5C oso-F eioR 1 1 . +IBBWttRT?**C 
uRl 2, !MRttR-V&&Co9oFeioRl 1. 

ttlT?c65FeMnI13, ffiIlT&5T iI14* 
IMILTT i 5nm/FeMn8nm/Co9oFeio8 
nm/C u 2 . 2nm/C 090F e io8nm&3X fcf>A;i/:/ 
^©RRRtftsRbTRfcJSttSMta^Sftfc. 3 6 
tc. Jl©iIi±i:Cu U- h* 1 5 fc*, 
C o F e «-&^R©fflfig«> ±^Um.tn^itm^tZ\ 
£ [B*J&fflfl£)£fc£B. 16, 313(1992)] &J:tfi»;SB» 

[0 10 7] CCt, «RR©«ttil,T»a, T i£W 
»CCu, Cr.W, SIN, T i N€?CD#J8tt#:£fflt,> 
5Ct#T?*4. )^*3> FeMnOlfttKiOt*,-! 

1 4©RJP««^5?SJ|:3&^n{i5niDt?^:<T : b«fct,i*t. 
•fe>7.«diJ$:dS-r^©T i II 4^©^-«(CJ:«Rftfi 
TfclfcCtiseK ^fcCogoF eioRl 1 JCJt^TSS^S 

[0 108] FeMnRl 3iStl.Co9oFeioIl 
ltt, FeMntCj:Dfi8<b@*$n. *>5— ^r©Co 9 o 
F e 10R 1 1 tt, nS5lS#tC*£:i;TK(bSfe • mfc-T 

KJKftRtffeSCosoFeioRl 1©^P«2®£ 
fe8nmi:Lfc^, 2R.©»flBiitR©ffSttHi;-C"e>aa: 
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(0. 2nm) «±^Sn«®aWlC^ffl^Tfe^^ 
MRll//>hOHffl±0. 5~2 0nmd^SS-ra&-5. 

[0 10 9] 2^©Co9oFeiolKl 1 cDPnllC^^tl 
fcCuI12 ftmmittnmWVte 2 . 2 nm-vm^. b fc 
C(D^ff^Tfc«k<, *ffl±0. 5~2 0nm^a 
SbK, Cu£A^C9«^tbTtt, Au, Ag, 

Ru, Cu^^Srffl^Sri:^-^^^). 

[0 110] SWlTSSFeMnll 3«, fiS 
JTf^CosoFeiolgSl 1 WS£{fc@»fc&ffl£n-5. Z 

FeMnJJWc £3iSg*ttlgl<D*m<b LTN i ft 

Nimimmt. ■^■yr^Tsm.cm^tz^mzm 

ffctZ>Z.£rfT'%Z><D-V, Xfcf>A\^:/#tig£T i 5nm 
/C 090F e io8nm/C u 2. 2 nm/C 090F e 10 8nm 

/n i-»ft«j5 onnt-rsctfe-r^s. n 

i ^{fc^^tDJP^ tt 1 nm£A±T&n«. ftjg bit AW 7 
C 090F e 

[0 111] ®^ffitn;^*mT©8SMilttt. StftXfb 
(VSM) (CTg^c31Jnm# 1 . 2MA/m-ea'J 

jffl^bfc. ^ifiiltte - 2 e x+t >Uii/D 7^> 
:/xi*ig3flfc-c«j£Ufc. vsMi3«fctjcx^iHiSf 

OUT, fitn;^fk*tt^^;i'-7X^{c«i;D 1 mmx 8mmtf> 

fc. mMStaisjft*^ ©aw+fc*t**«tt£fl:ttia«i 
TiSTiai^bfe. 
[0 11 2].fiB«(ffitfi^«JlH 1 (OMeijr«£.B2i^ 

6 0 A/mo^aa^?--?. 1 o%»^;#i^s*T;^-ft;^ 

Ali8 0 A/mtltB^ttliffi»TfiffT»ot. 

[0113] *&. z.amii&mmttvmitim* 

13 (A) i5<fctf03 (B) CSf. S3 (A) 
A»*j:5k:, ttfcg8M#A©timft42Kl 1 6 0 A/ 

m. «ffcHJ8*fe&|fi|©««2jtti|i!j8 0 A/m T$>-5 31 1 
*&, 0 3 (B) 5 



M^(SJtC«, F e M n lZt£~$'Z> C o 90 F e ioB8fC$j 
5. 3KA/m©SftfeA*-f TX^BJJta^nT^-SClt^ 

[0114] c©a^s^*^©&i§a«j§ 

tt. 3£l> f c c *B (111) ®E[6J (gfEBElSj) Sr^ 
bTt^fc. 

[0115] mattes im^.±\z±mtmm\zvxT i 

/FeMn/CoFe/Cu/CoFeMMLfc. 

TU H c li§Sffc&|S)T 3 0 0 0 A/mTfe 0 , 
fe±l2© (111) E|p]IB«k9fc/h£&8XJUT©tt£ 

[0 116] -Jfcfc, MgO (1 0 0) SffiiilCJifBtra 
filtCbXT i/FeMn/CoFe/Cu/CoFel 

effRbfc. c:ntc-3^T-hf2tra#icbTff«!bfc^ 
*, x*ia«fcr— ^ttjssu* (100) e— 

tatcSSffa (10 0) ElS|£:*cbfc„ rott, H 
c tt^ffcfrlpJT- 1 2 0 0 A/mtfe 0 , mmfi*tS6* 

(111) Eft$t£9fc/h£&8%RT<DM£jSb*:. 
[0 117]«U:OCt*6. (Ill) 

[0118] mz. ®.m&mthTCom&m^fcT i 

5nm/F e Mn 8nm/C o 8nm/C u 2 . 2db/Co 8 

tfi^b*fS8 %@SCDffiSr^b, «Bfcfrtt8 OOA/m 
eSfeofc. Hfttt-fbS AR/R=7 

%, Hc = 2 0 0 0A/mti6t)fc. 
[0 119] cn&©«S*A»63ft«ttilO«»i:LTC 

^©MfitUTColCFeSSJDl SfflHiEi: 

[0 12 0] £"E>fC, T i 5nm/FeMn 8nm/Co 
100-x F e x 8 nm/ C u 2 . 2 nn/C o 100-x F e x 8 
nn/U- 7 7 -f T C H $ te# 7 x a«*> & ft. % X tf > n 

)^m<Dmm.mm^m^co ioo-* f e * 

©FeigSx (®^%) ^^k^-BrTf^Sbfe. *:<Dm 
*H6ftfcAR/R tH c ©BMStTE* 1 (CtkT. * 
ld»&^*«fc3l-. 1};77'f7CI±Ttt5^x^4 
0 OlGHlWff&H c «i AR/R©ti^:Ai^Stl 

[0121] 
Ml] 
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SS IK 


H r 












O 




4 n n 
*i u u 








-LOU 




1 R 


T/!M / ^ [Hi 


9 yf H 
i 4 u 


1 9 


^ u 


#7-77 pisi 

7/71 / L/ IM] 


fl 6 U 


1 1 






^ n n 
4 u u 


in r 


a n 


#7W7 PiE 
7771/ V^IEU 


7 n n 
r u u 


Q 


a n 

o u 


47*^7 pfS 


1 nnn 

J. u u u 


O 






9 ft ft n 
0 u u 


7 ^ 


1 0 




3 0 0 0 


g 


1 5 




1800 


7. 5 


2 0 




1500 


7 


3 0 




1700 


7 


40 




250 0 


7. 5 


60 


^7XSS 


3000 


6 



-->^tt^# 0211) ±, Si SKCD (111) M 

t-?-n-?-*nsiia^j 1 t^ofigK^-rc o 9 of e ]0 m 
y& • mm&mT'i&m-e&Zo zl<dc o 90 f e i 0 ei©« 

«B7J (He) £i»J5£Lfc„ Sfc, tfifB^*vm©S«_h 
tcCuTttsHS^LTC 090F e iol$©KJ*£a*^H 
bTJgj£U ^©Co9oFeio^O«®* (He) 

Co9oFeio«*»J«LT. ttl^tlt<Di^mt} (H 
c) fcill^Lfc., 7 
[0 12 2] 06fe<tO:H7^&^^)J;-5lC. H-Tft 

(0 6) tt, CuTiftM#a&^«^«fc9&«^Hc£S 
LTV>*. CuT«RO^TMl(C^t}&-r> *7 

r-fTSfcOC®, S MS© (111) 9, 
4K0>JBf=Hc;0te<, ^»Ta&SC:«t^73-*^. WK, 
t7?^ 7S«©CffitcCuTiffiB££7>LT;P£ 8nm© 
C 090F e io«*»J«Lfc«^»C, 8 0 A/mOTOt' 
HcSiWc. &i5* CuTJfcM3T*rr&Co9oFeio 
l©HcH CoMFeioBtOiW*BJPk:Ufc*»-3Tli 
3WC«»rr*«|fi|SSU«:. — 3Sr. CuTiftfig&b<Z>C 
ogoFeioKOHctt, *rBW*lnfc#t»«*U, $ 
6fcBWiWi«lftlT*fcUfc3WoTJ«IPra«lAl*3RL 
&. 0»J*.tf> Co9oFeiolRoK®^iKJ8niDT*S« 
3\ -€-OH c ©ffi/jNfitt 1 6 0 A/mJWTT&ofc,, 



[0 12 3] CO±5t, £fiLhKttttttlt&&jrr« 

[0 12 4] Wy-f T*«COC®Ji*fcttS i 

»«±{CC 090F e joit^C olS^4«§fflTft 
liLTC uN i -EHfeBg^ffll^SChtcJ; D» 

± * tt-fe ^ 5 -y 9 S«± tCC ogo'F e ioK^> C o IS Sr 
»J*-r*«-&©T»Ki: LT|8c~ 10 0 nmCDG e , S 

[0 12 5] CogoFeioK^CoKiCliisetni 

TISiELfcN i SftttKBffi&tt-Cft 0 . t77-f T* 

feSCt^TfS. B8l:Nltftttt2 6£ffl^ 

[0126] (^IJg^J 3 ) C o 90 F e loM^-TfiHBA 

Jfi«SJTtt, C®*i«ttJtR® (o-Ah0 3 SSffl (1 
0 1 2) jfi) Tit^bfc. 

[0 12 7] mmi OnmOCogoFeio^^r-y-^r-fT 

«t-5^ElRl<7)^t,i§r0 9 (A) (B) IC^ 

-T. 0 9 (A) d^^-Scfc^tC. CSJiTK, ^$f^t 
fee (111) Gftftt^a-?*. ^-©i^m^^^ 1 
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6 0 A/mEITt ^tzmm&&&^Z>C o Fe^ 
^K*^fiE-C€rfc. — 09 (B) ^6^-5«k3 
tC, R®±-Ctt, fee (111) Otr— i/fiWlfct) f 
cc (2 0 0) ©fcf-^*^tB$tl. fee (111) 

[0 12 8] 09 (A) tCi><^T> CITKSS-CSS 
•y-7T-f7<Dtf-^£WiC2 0 = 4 3. 5°#jfilCfc 
effi (111) ffitc^TSbf-^co^- («T©hc p 

ffl (ooi) BoieiS] £-&#•#£) ^<snti<^o * 
fc, r©t-f«g«wa<!:c 090F ewmn&um 
tjzmvtz. —is. 0 9 (b) icfct^T, R®-r«-y-7 

7-f7©t;-^*j;y:f ceffi (11 l) Bfcf— 

fc, 2 0 = 5 2. 6° MSCfc effl (2 0 0) BlCjtf 
&T-5tf-^aWlTtr>-5. CCfccffl (100) ® 

[0 12 9] I©t77'f TSffi»C®-h{3*5(t 

^Co 90 FeioK© (111)® (ft&BS) IC^T^ 

7*>^*-^401 OfC^-T. 01 O^e.^-Scfc'5 

tc. 0 = 21. 8°nm.^\f-i7t^x^m^3'm 

C o 90 F e ioJS£©&#&ifgiflEfta 4 ««ire£--5. 
[0 13 0]^tC, 01 It. CogoFeio^O^BSTJ 
<h. CosoFeioKO (111) B («8EB) izttifr? 

& if - ^ cd p y * > - zf\z& n z> t n «• 

tST. 01 l*^»^S«fc-5tC, #^X8«_ktCCo90 

Feiogi*»j5tra4:. ( 1 1 1 ) v-?i>mm-z$>z> 

0. HcH3 0 0 0A/mK±TJ&ofc. 3:fc. Arff 

afifi«*a^tLTP^+>y*-^"©*fli*sd« 

1 5 ° SfttCfc-S <h, HcHlOOO A/mgS(Ci'> 
T5„ ^©Co 9 oFeiotCAl?riKjl%$r^tnL.fc^ 

SftlcM4>U Hctt3 5 OA/megtTS:^. 
U-7 7 -f 7S«©CS-htCC 090F e loMSflUft-f-S ~ 
tfCctt), £'E>K:¥ffi*8te3 <> S&Jc3;T-«4>U He 
«iKJl 6 0 A/mggiS5. Ufc*5oT. (C 
09oFeio^O»^ (111) I) ir© 

p-y^>^*-^©*fiiiii7it2 o° *^fc^-r-5t-^ 
•5. mti, uv*yvi3-zr<r>*mmMi° htt, 

6 0 A/m£&#ftffi£iatt^T< 
#^3. T&*>*>. Co 9 oFeio^©^®i2l6]*^< 
&-3TH<iafcA s ?T, Co9oFeiog|CD&m737!M£ 



[0 13 1] C090F eiol^£>ftigBElp]£&<-r£;5 

^tm^m^.^^ m 2 . tj^^s^t-s* 

(Ra) S-2nnUUTtC-r^)^<h(CctD, 
ki»j*L/fcC 090F e ioIS^S £Kiiff&ifc&Jiv,#tt£ 
ijk-rzt&ftfr^rzo La>U ¥*3SMa;*#5niii£Ui 
Ttt, C 090F e lo^OD&^TJte 1 0 0 0 A/m^UiT 

(j£J6094) mS^3tCfeliT, C090F eiol^romP 

ikic^t. m£<£tf$g2cD#te-r«3g®8erfi]£3&< 

(C, Co9oFeioM^tr««^{CO^Tfel^«OD^<»: 

[0 13 2] 13^xmW.±tZA l^#Co 9 oFeiol 0 
nm/Cu Sinn/ A 1 -g-^TC 090F e 10 1 0 nmO^JS^Sr 

*ififi«i 1 tmm<D&im3k¥¥-vmf$.vrz. z\<om-&<Dc o 

90F eio^CDA lTC^astmStCogoFeioMCDffiK 
73<hCOM^€-01 2JC^-r„ 01 2*^^-5J;5{C, 

mmmtz&^x'bA 1 Tc^o^jntcio^^sriST^ 

tzm2frt>m4 CD7J*£-t? t> |^«HcaS^ iz * It C o 90 

[0 13 3] ^td. «IIM{C:fcttSCo9oFeiol8l©« 
JK^CDftSgBf-^^«ft?¥14Sr0 1 3JC^o 01 3 

frzftfrzzoiz. MSLmmomeimmizmmffiv—pft 

3. _ki&t8i§<75ig-&. fcf-^^««102 (a.u. ) ti 
<, «a?3ttl 0 3 A/miSt$S. ClCO#^-tCi5li 
X, CogoFeiofdA 1 1 S^%@SSnAfclJ^e» 

^^K^^-s^ttCcto, ms.ts\wmA/mmm\z 

^^.SCttctO, 103 ( a .u.) ^±©f-i/^l*i 
1 0 0A/m&>T<D&1ff L t£&mi3t)m*>tlfc. C 

[0134] (*860tJ5) CogoFeiofCA 1 
JP7C^*J!lOAT«m73Sr^fe. Z.<Dm&, ffctiQiimii 
LT. Ta, Pd. Zr, Hf. Mo. Ti, Nb, C 
u, Rh, Re, I n, B> Ru, I r, Vf&m^tzt 

z\z*>&mt><D{g;Twmtf>*>ntz. &tc. ^tubaiTbm 

<Dm?f--£it>^ MAtiTatPd, NbtPd, Zrt 

T, T a^tC 090F e 10 1 Onm/C u 5nm/T a-^W 
C 090F e 10 1 0 nmCO^IJgl^(Ol?ligtc*liT, T a CQSs 
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[0135] (^SfiCT6) K±ttCoFeMtllUT 

(ill) mmm&zmvrzgzmm-z&zis^ coFe 

$Kl{BSfti\ CoFeNil, CoNill?$fflHT 

-r. 3?2«, (i) mz&m<Dmi&. (2) mm.<om 

m (3) ^£X£>/W:/R£®m<DTJfeR&''<? 

^-^tLTf^Sbfc^l (FeMnlt 



(ill) e-f<ony+>^*-^ 
M(BA0 5 O> «S**IrIOHc, AR/R4,Tl/fet>ffl 

[0 13 6] 
[3g2] 



fflJS 




Tift 


A0 5O 


He 


AR/R 








C) 


(A/b) 


01) 






ftL 


20B1 


680 


5.5 




f7r^7CS 




3.8 


440 


5.9 


Van 


if 3 7. 


TilOnm 


6.5 


240 


5.0 




a 7X 


GelSnm 


4.1 


190 


5.8 


^an 




Sil4nm 


5.8 


210 


5.8 








20Rt 


270 


6.1 




f7r47CI 




4.8 


210 


6.9 






Ti 7nm 


6.7 


120 


5.8 






Gel5im 


5.3 


70 


6.8 






Sil4nm 


5.5 


90 


6.2 








zoai 


3500 


8.0 






TilOnm 


9.1 


400 


6.9 






Gel5nm 


6.0 


210 


8.6 






Sil4nm 


5.8 


190 


7.1 



S2*^^SJ;5fC, CoFeKI:l8?.fCoFeN 
T, -y-:?7-r 7 C®g«_h2&-5l^ttT i , Si, Gem 

frzte&Tt&m&m^zzizizkr). a<? 5 o<7° 

tfti. (Ill) &fam&WZ>Z\£&T2. f©8lHc 

[0 13 7] L*>U T i ^efcST&IBi^-tf-^T'r 
TCHSSlCiO (111) iiSEffl© (M lnm»/Cu 
lnmJP) KAX&^m&ttMVtckCZ (M:Co 2 dN 
i so- Co 2 oFei 5 N i 55) > AR/RIJ2 %&CF<DM 

fiB#>WB*bfc. (Ill) ffiftT5£RKKYWS&fiBt£ 



KMRm 1990^, 177 H) 9) T? (1 1 1) iftEft 
£ Jl^-r 3 £ iiS t iSfit^fb^ t &Sf ftUcmteri^a: 

[0 138] CttlCffl^tTF eMn{CgrT-5!$fi£ 

m&nm znz>z\ t.amm^ ntc. 
[0139] mmrnD x?x&m± (rmmttv) 

\ZT I 5nm/F e Mn 8nm/C oF e 8nm/C u 2. 2 
nm/3$mi4BI 8nm©X hr>A*;uy^*^JS««J 1 tmm<T> 

&trci$mvfc. z.<dlz. -fmm&m\zm*.z>i$m. 

S3S3 \ZtH-?o 
[0 14 0] 
[«3] 
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H c f A/m) 


Co Fe Al 


8 p. 

O . %J 


09ft 
d £> 1/ 


Co„~ ~Fe_ Al _ 


7 7 


7 0 


Cd Fe Al 


^ 1 


fi n 


Co Fp Al 


9 Q 


inn 


Co* Pg Rg 
^MT*! Ke 7 


fi 7 

U.I 


1 ft n 
x cs u 


Co Pg Zr 


fi 1 


i 9 n 
X u 


P/\ Pa To 

R7 7 ia fi 


D. O 


ion 


(V) To 


1 R 


y o 


Co Fe Rf 


fi ft 


o o n 


Co Fe Pri 


o . O 


*> n n 
^ u o u 


Co Fe Pri 

Tin ™r 




i 7 n n 


Co Fe Cu 


7 Q 


q si n 
o o u 


Co Fe Pd Cu 
75 7 9 9 


7 7 


4 * u 


Co Fe Ni Pd 




ion 
1 u u 


Co Fe Ni PH 




1 ft n 

L O U 


Co- ~Pe Ni Pd Cm 




ft n 
o u 


17 13" A R9 11 


5. 0 


12 0 


to l^ 1s «i fin Bf fi 


5. 7 


120 


Co^Feg Au in 


7. 5 


4 10 




7. 6 


3 5 0 




7. 3 


800 




7. 0 


28 0 



^Sr^Jinb^^atCJt^THc^Tbfc., Al, Ta 

TaT(110gf%*iT, NiFe#"b&3 
Xtf W\*;^K*±IhI-5 5 %Sk±<Otg.tnMfcm}i&H c 
£p^3iT?i*3 CoFeCAlSfc 

S^JtJPLfc. — Cu, Au, Ag, Pdfll H 

cia^iWA i tirc\i.T ateamm-vteu^tf. 1 o 

CoFeM5Cu, Au, Ag, P d3?©^flDT 

[0 14 1) $611, 6 5t:9 5%RH<0HiaeS<ftC 
1 0 OP?fa»il/T#i©SMM (1 0 OnmW) »c 



otiTWftttSr^fet^^, Pd£7H§C?%SU:8sj!ni 

CoFel, C 020N 1 8 o^> C o 20 F e 15N i 65lK^» 
Al£6. 5M.^%W<tiQlsrzm. Ta&emTXWiML 

c «<£T#*£ t> errHt&vift*. p d&tt*.i*c u <t 

Tcmmfo j $>T : E)i'7TX<&mTmm. f c c*s?©t 

fl6^?rfl3Vi-5t. PdcD^OTgiStnffcHc^S 0 A/m 
*SHc*T<STb, $e.tc, Pd©4 0at%*-X?cDPd 

$tl-5P t Sr^Jn-r^xh, HciOip t S:^Jab*t^£<. 

[0 14 2] (**S0iJ8) *ffila£aiR a =2nm£ATcD 
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iILT, lxi O-STorrKTSTSfSCLfco MQ&W 

A r ^^ALT, mmtoon&k&l x l 0-4Torr 
tl, ECR-f ^->j®(*9gg(Cii^T2. 4 5GHz COV-f 
^ p &4S:tt£^££ -STUniS b fc-f * > f— A tc £ 0 X 
A-yiS"J>^£fT^ 01 5fc^TJ:5fc» JIMMfcS i 
S£15 0±IC^l©Ti6^1 5 lilt, #H»S i 

ftbt. SlfflTWl 5 l±iC^2<DT±6Ml 5 2i 
bT> Cu-N I^&fcKffinirrjfcBlbfc. 
[0 14 3] ^-GDSBtcBl©3£fiBfflBll 5 3 tbTC 
ogoFei(r&&l!*J*a8nn?, 1 5 4 £ bT 

Cu-Ni&M5JP3 2. 2miTr, »2©!M8ttiil 
5 5^LTCo9oFeio^KSr*^8nni-e, 
II 5 6 tUTF e -Mn^tSSS 8imT. 
1 5 7£bTT lKSJ|^5m-?JlfeMtKU Xh?>A* 

^*>lf— AX/Sy^U^fcTJB/Sbfc. £ 
CD^gM-hfCCum® 1 5 8 a, 15 8b4Mt5C 

[0 14 41&*, 3i«ttI1 5 3, 1 5 5C:*5tt<5C 
o F e X^&lR<Z>ttj£4fc£ bTte. *^ftjgia^{fc^ 

(B*^ffla«##te : 1 6. 3 1 3 (1 9 9 2) ) 43 
<tu:Ucfi8m4ttt©«^e. C 090F e iot bfe. 

CO 1 4 5] HCD«fc5fcbT#fcxe>/W:/ffl«SUfi 

CoFe-&<&Rfl!)X*ig«rfcJ:**l«Btt 

1° T&D, *!cm»#tt*^-r%tt©-o-t?a&^«m^ 
«0. lOeTfeofe. Sfc» r©*^&ffit->T«!l5£b 

[0 14 6] S&. Jt«©&». HC«ia&KLft:£tf[ 
SHaaSWaKiaWU lxi O-TTorrElTS-CSMUl, 
fc&> S#©A r#X£2 X 1 O-STorr^TaflAU ^E" 

©a««iiifc#aKs iR*i«w**ta:<» cui 

tLfc. r<D«ieiBtt, M©1 3. 5 6MHz KTS® 
[0 14 7] £0fl&&tt^*?Qil»A& 

%)&<D— OT&-5&«8;Jjttl. 50eTa&ofc. Sfc, 
£©^*m>T*£Ufc^«jW*fl:4«ai8 5 KT* 

[0148] (^*S«BJ 9) mSUtSHfiRt = 2 nmWT© 

■ftfcUfittU 1 x 1 0-9TorrfinF*T»*Ufc. 



oT<ff3Sbfc„ £!U©fMHjM*7U&*. tfk-Al 
»iH£ffl ir>&Bn JI£X*ft C J: oT.jgl (DTi&mt 
UT. MiCuT i«*BIJ»3nBT?l«ilbfc. ■€■© 
^Sfcfc$SiMl/T. ajBAttftl 0 OMHz 
©fi»Jfc£RFX/'W*y>if£flJVVT\ Sf§2©TifiJgi 
tUFeMn -&r&BI£J8UP 2 nm-C^IK b it. 

[0 14 9] jfcfc, ±f2T*ftlB£±(C. T 1 5nm/F eM 
n 8nm/ (C ogiF eg ) P d io8nm/C u 2 . 2nm/ 

(CogiFeg) P dio8nm®1g^ : S:#T-5^tf>A;P 
:/*Bft©«Hit£±Taie««R 1 0 OMHz ©S&H^ 

#^^f^SSbfc„ 

[0 15 0] c:©j:5tcbT#fcxe>A;i'^aa» 
#18 hmn\zmfevrz cof em&x&mtiHz 

Sr^bfc. 

[0151] (*J60U 0) 01 6K*-TJ:5«r. 
££3 0±tCoZrNb»*6&«Wafl»Mi3 
1S»J*U ^©J:£CoFe#&e*i&&.59M8ttK 

3 2, Cu*?«fcD£:3#fi£fflg£3 3, i<g«3 2. * 
J;tKF eMnfi^S5^i/H7Xl 3 4 £i®4 kA 
/m©||N85I^T«fc#lfcU 2fl£*A-f 7X1 3 4 ±{C 

u - h 3 5 &w&l lt«»ssb»*jiff zitm bfc . a 



[0 15 2] 





7€A>7 7 Xl 




40 






CoZrNb 


CoFe 


Cu 


FeMn 


mm 


8x10 5 Pa 




0. 4 Pa 


SAW 


4001 


3001 


801 


300W 




lOnn 


8on 


3nm 


140nm 



FeMnffl<DCoFe©Iili4. SnmtLfco 

[0 1 5 3] HI 7A^»^S«t3lC, FeMnfCif 
SftT^a^iOC o F e R©fi»AH c (H*a) tt 

ms 0 oAymtuD. m^<ocoF emmm<DHcm 
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^Sct^tC, F e-Mn icHf^tlTC^^fllCC o F 
e«l©«ffi&7jHc (04>b) 0 0 A/mi40, 

iiacDC o F e J£JIJ8I©H c*51 6 0 0 A/mlCht^ 

[0 15 4] Z<Dmm.tS.tii%)&m?<Z)&tri&<tW 
ft^i)^ 01 9(CiE-WR-H*-^' (SJri-fiS^*- 
-/) 01 9*»6»*»* ±5 K. ffiSx^fl^AR 

/R fifi£*© C o If l^gg©ift 9 % CD 

ii&^jg*x^{fc4S£&ofc„ £fc. FeMnlCif^nt 
!,^MS!l©CoFeM©«fi8yjHc (itc) IS017 
^^SlSnSJ^KiftS 0 0 A/m©«<^fii<i:fto 

[0 15 5] *^JS««IT«, SSI/HTXltbTF e 
MnBt£ffltvr^3a*> N i 0^©£3£fi&14J8l£/Bfc>T 
*>J;^U £fc (Co/Cu) n^©#ijg£;&-r5AI 

TCoZ r NbH*ja^-0>5#, -£-©«& tc{&/h&:igj| 
©FeZrlg, FeZrNl. CoZrNl, FeTa 
CR, afeS^ttN i F e Xfi (X : Rh, Nb, Z r , 
Hf, Ta, Re, Ir, Pd, Pt, Cu, Mo, M 
n, W, Ti, Cr, Au, SfcliAg) ^SfflWfe 
#fc. f c c fflcDlSi&iS^ (Co^fb^ Co 
*£Hfc]R, N i Fe.XK) Ttt. feci (lll)E 

~2 5 0 A/mJciSTL, j&tfmitmifll 0%lZfo±V 
fc. 

[0 15 6] Jttfc<Z>&a£>£> K»tS7 ; E;i'7rXJi*» 
l*tttvc3d»*Lk££B!|t'r«BI2 3 &n«t&9SflStt 

^saaffiwasjiw^oaftMwtfeii^. ^©m-h* 

Oi5cfctf02 1 fc^T. &*3. 02Ofa§M 
tt*IfiJ©M-H*— @2 lttBliM^rp]©M-H* 

[0 15 7] i2 0*^M±5t, FeMnfcSSF 
$tlT^^fiJ©CoFelfiO»«*Hc (0*d) 
$52 0 0 0 A/mi^r), ISCCoFeWCHc 

fe, 0 2 1 tC^-T J: -5 tC, F eMnC@#£nT(^&^ 
I©CoFel0§S*Hc (0<*>e) IJD1 4 0 0A 
/mt/i!3, I»©C o F e*IK©H c iifliCK^ 

[0 15 8] (USS^ill 1) 02 2t-^T=k^lw. 3t^f 
£K3 O±ICCu&^5&«0£tt5u<DTJfeK3 6£ 

3 2. &B&K3 3. %lffi3 2. ^.fctfJiSJgiriT^ 
;k7rx!3 1 *M<kJ»J&ls* iSSStaT^-U^yXJf 3 



[0 15 9] 0 2 2IC^T«i§. Tte^iSSaJnT^ 
7 7Xl^«A*-f 7XJ1 <fc 0 fc±JI £ VTMl&T2>m 

^^rxnaJKffiefxrfesfc*. £©jga*g-kB<h& 

[0 16 0] (HJtMl 2) 3t^f*«4 lJhtC.CoP t 
C rBt4 2*»S8iiBT?J«BIU *©±Kl/i>7h4 3 
BrS©/**— >fcUS?X h4 3 ft/** — 
->^U 02 3 (A) CSti O IZ. -f*>5 — l)> 
y^(C«fcDx^5 1 >i'bfc. £©B£, CoPtCrCr 

[0 16 1] 02 5 (B). Xy^ 

>:?&© U->*X h 4 3 ttSS5*-Br-T, u©ttlTC o F e 
^A»&0:<&9S«ttR4 4. Cu«fr&tt$?M8ttK4 
5, 9MB&K4 4.- *3±^iSStaT ; E;U7TXB4 6 £ 

SLfc. ~©B&, l/i'XK4 3©f-/^YI19 0° (C 

[0162] Jfcfc, UzSX b 4 3 eiftSLfc&IZfflSSi 
7t;P7 7Xl4 6±fC'J— F4 7 &Mf8.Vfz. &i5, 
u©U-R7H Uv7h4 3*BSJ*-r-SWK:^U 
Tfect^o £©<fc-5 tcfPSST-S ' ttr J: 0 . 025 

(C) K.jFrr&o\z* Rffift1BHz1&m3.7>\±>/VV7m 

[0 1 6 3] -hfSlgjtcD.tdfC. F eMn^SteS^ 

T?tt. c©*H£&ttj&rsc o p t crm&mumxm 

[oi64] mmwi 3) 02 4\z^?£.?\z, %m 
mm 3 o±\zmm.mT : E)uyrxm3 1, %iW3 

2. «I3 3, 3£8it£l8l 3 2 , cfe^^JS^inT^ 
77Xl3 1«SiiU SiSWiiSSfeiy^^T 
XI3 1 ±IZ «J - h* 3 5 &X*J$lTttft&#t8MUie?& 

[0165] 02 4tc*-r«it©cfc3(c> mimmmT 

KJ:*aS/ , C-f7X«*S5pJfflUT. 8H81&K 3 2 II]-? 

[0 16 6] C©«^, -fe>X«««CJ:t)5B±i-*aili 
*«BI«*IrI (0*8 7716]) fc*lr»T, ^mtt^ 3 2*^5 

3 2ttst»K:sat«ttflsifcis^"r*«fc5fc-r*. -c-©ti 

*. X«l>'N*-f7X@75%<Tt>2 0©^fi8tt^3 2WI± 
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&K*#*J6] (04"f#fi) lcj!n]*£<b2-D©S£SSteR 
R / R £ 1 -5 . 

[0167] (^js^ji 4) m2 5^?£?iz, mm 
its iMi 6 o±\z. m&fcmm&imi 6 litre 

o C r ^£R<£-f ^ > f- AX/1 y Affile J: oTRJP 1 
nmTfiERLfc. ^Cfc, igigiftfiSfflgl 1 6 lite. jg 1 © 
fftttttltl 6 2iLTCoFe£&R£JP£3nm-e. # 
&ttRl 6 3 tLTCuRSrJp;* 2nnrC. Sg2©3£fiBt£ 
11 64t ITCo F e ^&R£J»£ 3 nmTMB^R 

[0 16 8] £©&, ±IH««^±C KttfiBHtRl 6 

5 iLTF eMnlSIS 1 5iaTMtfc. ^-©Jt 

id, jjaik:*i;T««ii 6 e&nttu d&tcttsi 

6 7 a, 16 7b (Full© : 1 0 um) *mf&TZ> ' <ttc 
±^T, ^t^AJPl/Stt&ffiHgMI*?! 6 8 £f£K 

[0 16 9] £©<t5fCLT»fcXtf>A';i/:/l!fiB§ag 
[0 17 0] Jfc&tLT. itSSSi^fflRl 6 1 £JgjE& 

[0171] mmmi 6) ■y-yT'<Tm&±\z, mi 

©3&8ttR£LTC o 90 F e io^£R, #«fflgl£ UT 
Cul. Sg2©3£attR£:bTCo9oFei<r&&R, S 

l££U:?g2©33lfiBH4R©;P;* (dFcCo) 
T, atflHCft* (Ap/pj) *•©*§*£ 
H2 6iC^T. SBl£J:tfjB2-©9M8ttR©JP3 
Iffl-tL, CuR©RJPtt2. 2nin> FeMnI©! 

T a. NK N i C r iS©ffigR£tf-LT«@£JgfilcT 
•S. 02 6^6^-5«k^lC, d FeCort* 5 nmEAT"??M R 
&*a«t:kLTUS;:£a«$i'J&*-S. dFeCo=3nm 
WlTf-^i&tO, 2~4ni»&tJiff:b^f&B£ft-5. 

[0172] &m&m/mm&m (&mmm) /m&& 

R©-*>F-f y?«l£©J*3**&<tt:9T<<&&. «JR 
WR£&LTfr>ttfr>nT©tt^SL«s*$<ttQ. JSlJt 
©1MX8&**««*1*. 1f>P^y?Hftfi©Jt&tt©X 
(Ap) 14, U">H'f y^flSigCOl — ^JUCORiPSr 
t, TiSaafrSS lo Ap«l 0 /tlClt 
K^frT^ftl-rsd^ 02 6*^t)^e*^<fc 
CoXiettR«ffl^fci^. BB&RJ9tt5nm 
EAT tt Z> Z. <h **£Jf fcM R ftAfttft a _kT#* b 



[0 17 3] -T^:^> 3£ffi8ttR©&IS»R<hlgLTt> 
fc^>5r©ffifc:, fi^M*tf3 O.MQcnEtT©tt&ft« 
&o&*ma*«LTV>3«-&. *P«HE-©5f-ffi«:ii'Dlfe 
It, 30(i Qcn»T©it&K&fet>&#tt©'1>lCttnT 

3 0 MQcmE;±©^i|SftT-5*V ftLT^ 

[0 17 4] •iM>G»**!WfllU *#&MR3!im£# 
Sfca&tcte, C o ?^^mttK©RJ¥tt 5 na£lTic*~& C 
t«W*b«r>. '©£#> flBteRMRtLTtt, C 
vu Ag, Au#§5©Jtgta©'h£VV&S : £ffl^-l>;i£# 
S£L<> +m*RWR©R»tt-!J-'f^»*ft««r* 

R©R**»**<*ftoT«r>**-&fc«. KttOeRC 
*W-**iB«a©3»*3&«»ftt>Tb*5fc«>, e^st* 

*ft*tt/ha<a:t>TU*3. c©&», mmm&mo 

JP£©Jttt, 1 : 1~1 : 2©p B 1tca5^Ci:75iS*L 

[0 17 5] (MMM1 6) 02 7fcw"TJ:5K:, *7 
7-f7»fil 6 0 _ttC#fi&fflgt 1 6 1 tLTCuPd^ 
^RFX/V^SICioTJI^ 2mfCj£Rl/fc. # 
tC. IHBttRl 6 1 -htC. & 1 ©3£«EttR 1 6 2 £ LT 
CoFe^ISJISlniDT. #IMl6 3tlTC 
uRSrJS^ 2nmtN 12©MM1 64tUCoF 
e -&^R*»$ 3 nr?R#;jEftRL X }£>r%JVfmcM 

[0 17 6] r©«, _hIBS^R±tC, S^fiSttRl 6 
5tl/TFeMnl&I3 1 5nnmgJ5£Lfc. -?-©Ji 
tC. ^MfC^bT^a^l 6 6£7£fifcb, $e>fC*ffil 
6 7 a, 1 6 7 bSr^J5£-r-5C£fCJ:-3-r, Xtf>AJP 
ySHBE^triBS*^ 1 7 1 SftRLJt. 

[0 17 7] C©««tfiaB»*3lf^-Ctt, KlftSttRl 
6 5 lC«t 0 , fg 2 ©^atiR 16 4 fc»4— ^FlAlA*tt38« 

anfc*a»*»a:t». tntsiT. igi©^mttRi 
6 2(4. ffi««4>Tr<&tt«©^ri4t:Sfl:^i^(t<&. 

©«Yb©i«"rftflE*a*»c«w*ci««Tr**. & 

*. M^JSttR 1 6 5 tt. ^2 (D&mtem 16 4 
)^-*(SjS^rttS:-^^.-5±T. 1 ~ 5 0 nmg!g©J!£ i 

[0 17 8] C©J:3l=UT#^fcT>/X;W^aHBjK& 

mmmm^i 7 i©«jft*fl:*s»3eu&tc5. mi 

©3S«ttRl 6 2©JP3£ lnmi:»< LTH^tCt^ 

Xhr>A*;l/^m«etaS4*^l 7 ISr. 4s2umx 
1^8 O^mW^aB^tdjiinibTCu'J— HW*2 w 

mizMfevtzm h ? y^m<om^§tm9aEm<on^\zm 
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[0 17 9] it&izLX. ^Sttil 6 l£7EM£L&^ 

[0 18 0] Sfl 1 <E>3fil8ttlgt 1 6 2©ISJ»£6ni]i 

«tit^*^ro#tt£ltlli60ijl 6£l^6tcUTfftifiLfc 

[oi8i] mmmi d 02 s\z^-?&o\z. mm 

its iSffil 6 0±{'¥^SAffe^fi^Kl 72i 
LT. ^^U7i8ft*U OZOcm-st^-Sct^tCTe^H 
-ybifcGaAslK^MBEttJcfcOff^ 1 OnnrtrjsKJIi 
Lfc„ ^(C, T e K-^G aAsIl 7 2 JilCfg 1 
«ttl 1 6 2 i IT C o F e ^1*1$ 1 nmT, #fi£ 
ttl&l 6 3 £LTCul8i£ff£2iii]i-C, $2®%«M 

1 6 4<bLTCoF e&&m*m&4wrzm&f8.mv. 

[0 18 2] _h|B«JIBIJt»C, ISittll 6 

^©J;3{cLTf^SSlbfcCo9oFeiolKOHc (ffisSWi 
^[6]) <tCo9oFeioffiW^la)g8^$:02 9 C^T. 
■*fc, @2 9tcte, Jt!£©fcje>;tf^x2«±l;=CuTlfc 

[0 18 7] 02 9^6^J:5IC, CuTflfeKSrIS 
tt&^g^CDC 090F e io^T«, KJP2 Onm^TTtt 

2 0 0 0 A/mRhOiSi^Hc SrScLfc. — CuT 
i&HSr^tt^xh, BIJS2 OnmcDCogoF eioJBtT*«:Hc 
0®T«fil^Tafe-3fe^ H*l 0nm«"FT?tt4 0 0- 
9 0 0A/mtCHc*^*g(C<STLfc. Z\(T>^o\Z. # 
7XSfiiC 090F e wmtOfflizCuTt&mZMlfZ 
Ct(C«fcD> Co9oFeio^©Hc*<g^T#^dt7!)i 

$>tat±mo)Hci&m<D^ifimtb<E>nrc. cu 
Tmm±iz^tz< mmizc om&mi$.vrzm&\zc o 

[0188] c&mm 1 9 ) ^7xis±i:»s 5 ~ 6 



5 tLTF eMnJg££»$ 1 5nmTPj^Uit. -?-©Ji 
IC. i&SfCJSCT^SJgil 6 6£J&J&U ^etC^ffil 

6 7 a, 1 6 7 b«r^fi£-r^^t(C.i;oT. 
^^«*t«!l*^l 7 3£fHSLfco 

[0 1 8 3] CCD^oKLTSfcxeWNVl^SH&^Ug 

i&&tn®mm?*m®mmfs.mm<Dm3i\zm^T. 1 o 
5 A/cm? £^5n$L®&<D±>xnm\zi£iWr2>mfjm 

[0 18 4] Jt^tLT, Te H-^GaAsil 7 2 
^figbte^EWrau Slifi^Jl 7 i|^fi|{rbT, Xtf> 

^^SStam^rolftt^HSS^Jl 7<hR8UcbT 
PMffiLfcic:^, ffi*x^-fb^«^ia-r?2%t/jN$iifltb 

[0 18 5] (^SSMl 8) ^7^S«-h{Ci?S 1 Onm 
OCuISTWtttiJSU •f-OifcCogoFeio 
JglfcPfiKLfc. CuB«3<ktfCo9oF eioffilte. RF2 

>if\*. 1&mWzfrfKmft\ZJ:r)m4 0 0OA/m»- 

[0 18 6] 

1X1 0-4P aJKTF 
0. 4Pa 

CoFe:300-50 OW 

Cu : 1 6 0W 

CoFe : 0. 5 — 1 nm/ s 

C u : 1 nm/ s 

nm©CuTifc8l£^/&U £ «=>l;:C uTifclBUiKC 090 
FeioJS. JP£ 2m<DCu<pmm. 090F e io 

0»J 1 8 tHitbfc. 
[0189] COlli (Cu/CoFe/Cu/Co 
Fe) ICisttSHc (BMMfc^fa) tCogoFeio^W 
^JSK»K^5r0 3 O^^T. Sfc, 03OfCte. 02 9 

1 \z a ^ x d c u Ti&m &m v ^m.m c 

090F eioK£Pfi£L</t*><D l fc^L;fc. 
[0 19 0] i3 0^&^<t3l;> CuT^IKS:^ 
W-fctr»fl«iBtT?tt, m&C o 90 F e io^©^ff» s 5ninR 

-htfH c \znmizmmTzwmm 3 mu^t-ch c *» 8 0 

0A/mT?<&5. &\ZC u <f R3JI£^:tt£ 

C 090F e io^WKJP^ 7 nm^TT 2 2 0-4 0 OA/ 

uTMt c u tpmm&m^rcc o 9 of e ioW^t* 
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[0 19 1] Cu 5nm/Co9oF eio2. 2nm/ 

Cu 2nm/C 090F eio2. 2 nmCDftJIJKcDSKbftiga 
(£B«1#|S]) £03 ltc^T. 03 lfre>m>Z£5 

ooc o 90 f e i o&m&m<z>MM*5. i &m&m-v\t?3.< 

[0192] ($mW 20) C o 9 flF e ioWk(»m&%km 
SI. 5nm£U CulOffiif^l. 5nmiUT, 

(CoFe/Cu) nMS^Jfi«»|l -8 fcjKTjfcBMfcfr-C' 
f£§?U ^0Hc t«g0S:n«t©SfRSii^fc. 

2lriKTo c #5Xgffi±tcCo M 
FeioM> CuK<£JHfC«JILfc Cul, Co 
soFeioBlOJllcaiib*:t>© (Sf§ 1 Jf CDC uteTifiBI 

[0 19 3] 03 2^5.^-5^0^. &mmfk&2<D 
«^-fC*5^T, Co 9 oFeioR£5telCj&6£b;fc<!:£tt, 
Hctt6 5 OA/mtS^FJiSV^ «S@Si:di4~8 <D 
»#fcfelr»Ttt, C o 90 F e loRj&tjfeTfe'C uB&jUjfcT 
fcHclllO0~3O0A/mtfiK £ntt. «BI@I 
A SfcUfc^TCu TttKOSMt ftt* 6 ^> C 
uTil (ilifflCul) OftftlCfee-rHcfttfflK 

Mfc. 03i £H«fcB«tttt&te^**T#tt"r*o 

[0 19 4] fc*, C<Z)l*J«Kt;K. (KiBSiltt^aiKtt 

T^:t3^Cu^tCo9oF eioKt® 

#®-ea^ bfcx * -> tticfl&&#sj£& uth -s zl t 
nfi&frvit. (,fc*bT, ttrntemhrn 

«*«C J: 0 tttttt&ftfPl* ls«TVi3f&fc0!>F e /C*¥ 

[0195] (HiS0i|21) (C090F eio/Cu) n 
Ifli, CuKJPK«i;TCu«lcB«-rSlfc««WO 

■r5it^fl]&nTlr>S. 03 3C (Co 90 F eib (1 
nm) /Cu) ! fi (C«(*-5B£tt2rlRie>Hs (gafBfii#) 
&«ftCuROR«£:0!>niK^-r. CulOSM 1 
nm, 2raifi»CRjrr*&. IR&rr«9MBttltM©K!t 
BttfS£laBia-r&*:£ftH s (12~240kA/ 
m) StkT. «S*toEnSn?*>SI3 4»c*-r«t5^: 

fflns^-r. fnaftoMttt, 03itc*b 

fcHMMS*£|Sl«lCC o 90 F e io©8ISa&A2rttK:4B 

St5§S0Hs (1 0 0 0~2 0 0 OA/m) S^ 

[0 19 6] 0 3 3£>&£-*<5j:5l;:. lgiJ»£#J 



[0 19 7] (SHi60!l2 2) S«5 O±fC*J60i|l 8i 
T?, K8tt«M¥fi5 1tt *iS^J2 0*£tf&llM2 

i t*»r»T^bfc*«ttBtr**cugitai«[ttgiT* 

*CosoFeioKi:0«»*J*V»3. Jfc«r»T, 

mvmmmsLs 1 ^-©±i:FeM 

NiO, Nl CoO«»&d:«KJ|iltRS3t« 

[0198] z\z\-c. &fimmm&GL5 i&£ztK&m 

ttS5 3 ©J^€-:#l3HBJH'TfT? 

5 3 £BSOT&aM8&BUI4M£ 5 1 tC32»A*-f 
7X*#4t5Ctd^5. £9MB1£gt5 3& 

2fl£«B^-r«3«Btt«Ui*lfc5 1 (p©lft8fl:gt©ttfl:tt 
B*£n«©-?. 3Mtt&iMi4Mfc5 lO^bQIClktttt 

D^tfcC o F e/C u#I(»f U fe¥8T*5£> 
g«ft:<, 0 3 6 \Z^T^iZ. CuRftKJlttOCo 

[0199] &flB&&B4M£ 51* (C 090F e io 1 nm 
/Cul. 2nm) 4 ItU #&ffiSl5 2£JP£2. 5 
nmCCuItU SSiiittl 5 3 1 0m©F e M 
nltU §115 4€JP£6m©CuK£L;ttB$[&; 

8BM3rft) *-tn-tnH3 7*<t^0 3 8 & 
*3, StrCtt4Sffi^ffi{C«J:Oail5tLfc. 
[0 2 0 0] 03 7*5j;tf03 8*^»A^ H 

> 8 o o A/mt 2 -ocosMSttiajiJjMa 5 i wratc*^ 

TO^tfKttB&ttlZli&lT&Q. H<5 0 0A/m 
T2^>C5^fiSttgigmffi5 1 0!>niC£<f»TaMl:«<9lflBtt 
tti\zm&VT^&. -Tfct)*,. H=50 0~8 00A/ 

bT<^S COH=5 0 0~8 0 OA/m 

fi8%Tab^,, 
[0 2 0 1] JtttOfc&kl. C 090F e io¥JIOt^&«: 

(^«tt«i*fi5 i &c omf e wmmmizwzmz. 
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9£J;tX04 OtC^T. 

[0 2 0 2] 03 9*5«i:C*04 Ofrt>ftfrZ>£o\Z. 0 

AR/Riae. 03 7 

[0203] sx±.v>mmfr<E>, ^mm^m^mmm^ 

$ zizftm&mmmtiLftmzc o 90 f e l0 /c u#®# 



[0 2 0 4] BLhSTtt (CoFe/Cu) nWB^CD 
tete©3$&ttJSt (09x.li> NiFe, NiFeCo, C 

o^) ttee>#m&m (cui^i toawKisn 

ftHc £TfB« 5 fC^To 
[0 2 0 5] 
[«5] 





Hc(A/n) 


«fiW00 


Co J?n Fc 1s Ni fiS lnnS/Cu0.7iimD i 


80 


6.9 




660 


7.9 




320 


6.3 



AV1/^K (*2#$1) Klfc^TH c ^Ops) 

[0206] mmm 23) 035 fc;mt£*«#i<D!£ 

J8tt*JliiM£5 1 1 4nm»C uTifeffil<*:JS;* 5 

nm©Co 9 oFeio£fflt^ K3£fiS1£IK 5 3 m<Dffi&&& 
I¥fi5 l(CJS5 8nmOCo 9 oFeio*HIKSrfflt^J» 

^<Dfi^ktt^*5«k^«tn;^b#tt«-^-n^n04 1 

(A) , 04 1 (B) *5«ktX04 2{~*T. 

[0 2 0 7] 04 1 (A) ft*&£h9»<5J;5lCv 
|6TCttHc#*8 0 0 A/mj^Ttifc^W^C^rVifiiSr^-r 
**, 04 1 (B) fr<Z>ftfrZ>i:o\z, BMfc&ffl-ettl 

0 0 A/mOT©i£VifiiS:^-r. Sfc, 04 2*^»^ 
-5«fc5{C, Sta^t:^AR/Rtt^Wl^r|6jT-7. 2 

7 5 ^ t \z£ o #s w^irj t mn&o A R 

9flF e lolKW^I^^fflV^TfeS^^tttia^ AR 
/RCDM^#e.n-5. 
[0 2 0 8] 4) *«5 O±K5!i&0i|2 2 

5 2t^SfC'>^<ifc2@K±«»bfc„ 2<=>K:, 
§±I©*«ttl5 2±lC^IM5 4S:}g^Lfc. £© 
«®IK5 4tt ! ^StCJlt:DT^J5ET-5. ft^tc. lyj;* 
ttmSE^SSTSfciftCO®®^ 5 5 SrJg^LTS 4 3 

iz^rm^im^m^wmvrz. mm&mmmtiL5 

1 Sr (C 090F e io 1 ni/Cu 0. 6nm) iltl, # 
i52£JP32. 2 nm© Cu 181 i:U «JflEl&n£ 



8 t bfcfcro<DSSttt*[fi]©m{l:ta^tgtaMfci|#tt^ 

0 4 4 *5cfctf0 4 5 IX^-T. 

[0 2 0 9] 04 4M«14 5^&^-5<fc3JC, & 
fBfig#H stt6 0 0 0 A/m£ifcii&f$/h£&te£^RU 
HclJ2 4 0A/mt/J^4tt£S1'. £©£#. StrC 

i 2 %«T-ea> o » sta^ft^fa-r SfiBim 
Mimmzisvz&ftMftH s ^ss-stu sfc, b 
x^u^x««Ytft«icoHc tats— ifc-r-g). cnci 

-5. 

[ 0 2 10] (*J60il 2 5 ) mmVtmzMJl LfcM g O 
SS6 0® (110) ®-h(C (C090F eiolnm/Cu 
1. lnm) i6«lK6 15Mtfc. u©tilg6 1S: 
^^PVX^SrffltrV-cl X 8 mm 2 OX 

iTS^SLfc. fciJ, «BBI6 l±IC«aiKi:LTj? 
25. 5nm©Cu|gt£:)£*&LTt>.±:^„ CoFe 

fommm.m£m. 16, 313(1992)] &j:tf*ft8^#te©,6 

7&*£>Co9oF eiotbfc. 

[0211] £©»-g\ M g OSS 6 0 CO (110) ffl 
-LlCteCogoF eioK^6^J5£bfc. Cu^e.^J5KT 
1 0%K±©^#^SJri^bS:#^)Ci:*iT^^ 
t^e>T&£. 04 6tC43liT. 1 \Z^tlX 

m&M*>^w>tt$)\z, uR±>7.mm. (is) &ffi 
[0212] ^ct, mmme 1 ^fiE^-r^^^st 

^y^'J>^lH Co 9 oFeio^-y-y h^RFX 
My?. Cu^.-y7h^DCXA7?Tf5±5)i«l 
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0 -?Tor r£TF £ £ -C^Si b tz&. > A-ft \Z A 

r#X£#AU i&3 mTorrtLTX/t.y^>J>^^fT 

[0213] m$fttc.m^&fa$b&m?(Dtg.iri$£fcmi3 

m*2. 0~2. 5KA/cm2i:Lfc. 

> .fc «fc tte gift ® t Z> a y * y 9 1> - 7* M 5TT £ 

CO 2 1 4] X&Ieliffaijfc&fl: , 

(1) 0-2 0X3^ > 
Cu-Ka, 4 0kV, 2 0 0mA 
X^-vXg : 2 0 = 2~ 1 0 0° 

. : 0. 0 3° 

&m.mm : 0. 5#> 

(2) Py + >^*-^ 
Cu-Ka, 4 0kV, 2 0 0mA 
X*-f>i|B: 2 0 = 2 0~6 0° 
X^y^ifB : 0. 0 4° 
^SS^PbI : 0. 5g> 

04 7 (A) fc<fctf04 7 (B) Icm^Sfit^^W 
S^CD B - 2 0 >\Z cfc^XISmerffl^Sr^-T. 

04 7 (B) fCS^T J: 5 fc, 2 0 = 7 5° ttifttC, fc 
cffl (2 2 0) WKZHzttm-fZ&^Mffiif—ir&mm 

M«— j5fo\zm&<D$>Z> feel (2 2 0) 
tdi^^o &fc, 04 7 (A) (Cfctt-5 2 0 = 4° # 
jfiODfcf-^te, *jf^»! (~2. lnm) (C±^lel*?t?a& 

[0 2 1 5] XiZ. £©£j£fi®(c:||LT. [10 0] 
•kJEfftisitf [110] tt^(Rl^e,D^^>^— 
SU^Lfc. -€-CD^*^04 8 (A) i5«fctf04 8 (B) 
iZmT. 04 8 (A) KHu [110] lfc£|6]>!r>e.iRl5t 
bfeD->^>^*-^^-r o rnj:O0 = 3 8 o iS^ 
\Z—D<D\±—?immT%Z>* — 04 8 (B) ICte 

[ioo] w*(6]^^©n-y+>y*— zin 

«fc90 = 3 3° £4 1° #ifi<D2^©tf— ^<D#fta*fll 
[0 2 1 6] 04 9 (A) fc«fctf04 9 (B) K04 8 

<d u v * >>f-ti--?fr zwmznzmffimom&m&Tik 

T. 04 9 (A) KfcHT^taofcJIW:, £/£fi®©f 
c effl (110) ®£^f. 0-2 0T.^-v>X^[5I5t 
teT»J^$tl-5¥i%W75:ifSafi£fiffl« (110) 
««, (110) ®te [10 0] tt:£|6H;:»6^T?H 

— [lio] i*|6)oSf,^{iS«i»T/h$u. 
c:n«. 04 8 (B) \ztf;-? a v y 'jj-zfo 2 



tf-* ( [10 0] (fcSr!R|«Jg) 04 8 (A) (C* 
tl-OW-Z ( [110] ifc5l6li»J5£) tc^fjs-r-s. 

C0 2 17] 04 9 (b) izz<Dj$,mffi<Dmm<Dmmi*i 
u&. z\<DmmftmJ5mz. [ioo]** 

-%fy(D*:%tzffit>€\zJ:K). [10 0] tt^Flfijtc^c^ 

<. [i i o] m^iz^im^^t^-ox^^. 

'&&TZ>£?tZ. [110] W^|pJtMR-fe>7>*git^ 
SSLfc^CDSSiMt:^ (AR/R) «, SSJ3 0%T* 
S(0tC*fLT, [10 0] WJ5falzffiVZim-&te. 1&3 

[0218] wz. z<Dmmm<Dm%.&&&mfei,tz. 
j t(Di8%:\zm-3<mio.m%L$:m5 o (a) ££#050 

(B) K^f. 05 0 (A) tefl-gBS8#H£ [10 0] 
(B) tefl.g&GB#H£ [110] WcWrfcRUOUfc* 

ttte, fiid^^ff (vsm) Tft^BJJraa^i. 2M 

A/m-?S!J5gLfc. £fc, ®ftffiilg©fiBft«Mte&ftI& 

[ 0 2 1 9 ] 0 5 0 (A) *«tt^0 5 0 (B) j&»S#j5> 
^J;3tC, [10 0] nm^gi. [1 1 0] 

240k A/mT?»D. mtt.mm.M(Di&%imm*#3 9 6 

0 kA/mT$5. 

[0220] c»<fc5ic» *sija«9mi, 

m fc -r -am* sta^»*^ ^ zmmt z> . 
[0221] ^jijs^iitc^^T. mmmomm&tiifaw 

[0 2 2 2] ^©*[fiHC, -T^^^Srt^tJ:?)^ 
^rtt^«fe^:€ < f£Z>Jjfo\z± >7.mffi& ffitz.ii \z<k. 

o. mT&zv>&i&m&-r2>mmt>m<tiL2>. tarn 
[0223] emmm 2 6 ) smzmmt z>/u txz 
<om%m.im^km^^m\,tc, msi\zmv&itm<D 

/t-f 7X«JEft#tt$r^-T. MgOSS© (1 1 

0) ffitC&^T^-n-e'ttifi^T -5 [100] it [11 

01 mz^ftizmffi&ffiVTmfeisTz. @5ia^^ 
&mm<. [1 0 0] mT'$>3 5%, [no] 

0%roM ; S:7R-r. f^^. [100]«ODS5^ 
[110] ttiOfcStix^b^^^^ifc^d^. 
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[0 2 2 4] (JU60U2 7) mmWk* (Cu 2nm/Co 
goFeiolnm) iilitS!: tH»ia*««l2 5 <h|f^ 
(C b TJS^Jatn^*^ ft fNS b fc. 

[0 2 2 5] z.<D&o\zcum<r>wm*2m\zmmzM 

[10 0] t4*(p]t«SgftSiiLfeWf©«tfC^t 
$SD2 5%T&9> [110] M#|«r?ttj|3l 9%T 

cofi^^b*»#fr&^ftte«fcttT<^s e tifi&fr 

•5., £j&£B (f c cti (2 2 0) ffi) CD 

ny*>^*— ^ICfi. 04 8 (B) KjfcTcfc^tC [1 
0 0] «T? ZOCObf— 04 8 (A) fc^T J: 5 £ 

[iio] ttx-iootr-^^fflt^^nfc. 

[0 2 2 6] ;&*5, i^filro«Bg-rcuKco^Li**5«kytc 

090F eio^co^j^ft-€-n-?no. 3niD^e> 1 OnmST 

"J", [10 0] *©3SFJm&*&9c*V». Jgia'g 
fb^fe [10 0] »»&5#*#^<ai6]ftSb;fc. 
[0 2 2 7] (^«©«fiK-e«BlHlScft 2 7 0 

<Dmm*&t>*>-?* [1 0 0] tt*[Sj{Cir>X*gSftSft 

[0 2 2 8] (*Jg«»J2 8) «/f®lft (R u lnm/Co 
90F e io 1 nm) £ <fc{Jtfm^J60i| 2 6 t |sj® 

[0 2 2 9] ' (Dmm.&trti&MmT CD A R / R tt. [1 

0 0] tt*(nJfc-tr>x«t^ftdit-r«^-co^ [iio] 

r u m<Dmm^it^x ^m(Dm^m«b znrz. 

[0 2 3 0] ZLtDmm*. C 090F e loKCDfttoO \ZC 

g» au, pa, pt, i r &mmm<D$t&izmm ut 

feMgOX«CO (110) ffl±{C*3tt-5«b*[^fCj;-5A 
R/-RCD|ga*ttK-T?g-&. 
[0 2 3 1] (JUSWI2 9) a«)Kft (Cu 1. lnm/ 
Ni 8 oFe 2 ol- 5nm) i 6 K£T£C:£^ttS£&S0t]2 

[0232] zwMfcL&vtitbmmT&mmmn [ 1 o 

01 ab^r|6]«cir>X«S5ft«JLfe»-&, ^(Dmtn^tm 
te2 l%T£>ofc. — [1 10] $S#[6jtC-fe>X^ 
SifftB&bfc^cDjgfcx^fb^tel 7%X$>^fz. £fc> 
^CD«@KfcC 090F e io/C u«J1MC0«^I1^{C, 
S3Sf£fi®«:f c cti (1 1 0) ®T&0> ny*>tf 
*-^SI^e>^fi®tt [10 0] f4*[6lfciS6^T^ 
SitWofc. N i goF e20^co^J#*3ct^ 
C u IgcDJjgSJPft 0 . 5nm~5 0nin<h^b£1*Tfc|W|«ICD 

[0 2 3 3] IS&ffiBICD^mtbTCcK CoF 

e£-&. NiFe^. Fe, FeCr^^ffl^T 
*>, #MBttl8SCD#£f<bbTCu» Au. Ag, Cr, R 

u, cin i -&&^ftffl^T*K mmm<r>%.i&&mtf>i$, 



[0 2 34] (!£660y3 0) GaAsISffl (1 1 0) 
®-kl£jP£l. 5nmCOCo^, 5 OnmCDG elK» 
£tfB£l. 5nm<DAu)Kft^bfc. S^fc, ^-co± 
KMBE}£ft/?i<^T0 5 3tC^"T (Cu 0. 9nm/Co 
goFeiolnm) y$kmWk*Mf8.Vtz» l+6 9BCui 
ftjSU 7 1 l±C 090F eioJ&ft^t". ^5>fC, iBtHIK 

±.\zummii vxmz smog em*:MifcLxmm.i&tn 
®mm?&ttmistz. z.<Dmmm\zf c c *a d 1 d 

Strt^b^ttiftl 5%ft^bfc. 
[0 2 3 5] mz. AuT%KcoiP$0. 8nm£U 

[0 2 3 6] W^nfc 2 0©mtl«in^*S!l^ft>g3a* 
«IiTl^btti5. AuTilffliSidtl. 5 

ftfi-T-SfeCO-Ca&ofc. — AuTi«CQJP3j&i0. 
Snmcofccoti, {111} ®ffi[p)ft^bTH;fc;!rS> {1 

oo} ®a*<i i ott^risiicmofc' ttctoas^ 
»*MB*snfc. ^fc, z.<Dm%mv®%m^-\z&n2> 
<2 i i>«fej:tx<i i o>mjjfae>m.m&itm&M 

SLfciC5, <1 1 0>#^|6]T«iKjl 5%T&?K 
<2 1 1>^|bJT«1 7 %iiiJinLT^fc. ClCOigm, 

[0237] 053fC0 52 {CfeWSaS^COM^rE^J 

0Sr^-r. {loo} m^-m^< no >^r6itc-rn-5 
ettefcox, «gt* i <2 i i>jjfa\zmtiz>m-&iz. 
<i i o>^[Sitcjf£ti^*-&t?. m&ssoaii-r-sifL 

m<DmmU0, <2 1 l>#|SjT#^£<i##;^S. 
r CO «fc 5 tt* ft ft-O t&^BS K ± ^> ± U 

±& v Tzmrnxmcom izM&xffcx t>m± b tz - 1 

[0 2 3 8] GaAsISffl (10 0) ®JtlCiS£ 3 Ml 
CDAuTJft^ft^b, 2 <Z>\Z*r<D±\Z (CogoFeio 
lni/Cul. lnm) i6«BKft^J5Kbfc<, ^coWSM 
Sfccffi (100) MffirSjft^bfc,, dcot^, <1 
1 l>Wft*'L^<tbT3R^d^^bfc. «^K»rffift 
<1 1 0>Jjfafrt>mmUfz®&(DW>.TtiiFI$:m5 5\Z 

^-r. as 4^e,^^«t-5(c, <i i i>w^tot){c 

3Kft38«»*T*J:tK:«tO, <1 1 0>^(p)fCCu t. 
Cofeb<ttFe i (DftmtfmtlZ Z. t ^5 „ 

[0239] z\<ommfm(om.mmtm(o-\n>xm&t^ 

tt#ttft<l 1 0>Wfe<tZ/<l 0 0>«6^(C*3(/^T 

jBl^b?t. 0 5 5 \z {10 0} ffij^gbfcflie^co^^ 
Stni^b^tt-fe>xm8f!ft<l 1 0 
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«t -5 tC {111} ® tA^&^ST^*)^ 110>i 

[0240] mmm3 i) ^?xs«±fc (cu i. 

lnm/C 08iF eg Pdiolnm) i6AXt&-?^S:^Js£L 

#tt (;H7Xft#tt) £0 5 6tCj?:T. 
[0 2 4 1] 05 6^6^5J;5ic> uSditA*^ 7X4 

- 5 0 VTfcfc£l2 8 %©®^cM4*-r. £ SK, itS&A 

[0 2 4 2] iSSStA'-f 7X£^fc£trCf£§2Lfc«*CD 

mo^i&mmtf c c*§ (hd ®je$^-c*o^. - 

JIT. (2. lnm) d^KM^nfc2 9 = 4 

° #ifitc^n^fiM««jts^«^<ty;2 0 = 4 4° 
f c cffi (i 1 1) B5*»&R»aft*±j« 
mww—z&mzn^-c. fnfn©;H7xttint 

40 5 7 i5<J;Ot0 5 8 IC^To 

[0243] 05 7fr>z>ftfrz>&oiz. &mmm&KM 

t*©A*'f7Xft#ftl:oHTtt, A-f7X-2 0VI 
^^©SAS^-Trt^ ftfcAW 7XilUffiS))5* 
5tttfx.JS:K 0 5 8t&->6^-5J:5(C, f c 

c« (ill) HRat^SWA'-f yxft^ttC^T 

*>, A*-f 7X- 1 0 V#jfiJC^CD@A4^-r^> AW 

[0 2 4 4] »lil/TCoFe^M4ffl 
WW £ £ J: 0 . X fcT>fe^^©A%(l^fRSl#A- 

co%m&m\,*z>m&. m.tiv$titmt.wmi&\z*z<&L 

[0 2 4 5] (He) ©A*-f 7Xfe#t££ 

05 9fr^-T. 0 5 9^e>^-5«t5tC, AWTX-5 
0VgSiTli2 0 0 A/mVAT(»&!ftti$m%®'&* 

#T;*3„ teiJ, #7XS«©ftbDI;:S t7 
5>v^S«> GaAsii. GeSf^fflUfcl&T 

[0 24 6] (#|;5S093 2) I^TH. Xtf>ft#f»:SL 

4wrs 2 o©^ttigp#ofi8fbiHie{c t k o 
mR&8ifii-Tz>-4z5£Bji<Dmmm\z-D^Tmw-?z>. 



[0 2 4 7] 06 0JC^-r«fc3JC, S«8 0±{CK^ffi 

te&wmiftmwm ©Til 8 1 , &&m&m 8 2 , x if 
>«c#«tate*4wrs^tti88 3, #a#K8 4, 

3£fi8ffi8l8 5. *5 J: tf£3&8M4Bi8 2 4IM^fiELfc. 
££K:, «±@©£&&fflg£ 8 2±tC«S«^8 
EfcLfc. ~©K&^ffi«8 2JitC&gta£i;T£^Jgi£ 
WHliK fcufc, T#Bt8-l©»*«a, S^fiSft 
18 2d*F eMn*^)S;5«^l;ttCu, Cu V. Cu 
CrfOCu^, Pd^©#®ttf c cfflSfcfiN 
i FeKoFeTa»ttf c cffl^tS^W 
ISLk Z\<D£:&m&ttW<D\3.o-t>mmi!)m<T'b 

5aittl8 2HFeMn, NiO. 
PtMnf*^|}, -€-©^j?tt5~5 0nmT&-5. & 
fiBfflgi 8 3, 8 5 ttN IFe. Co, CoFe, NiF 
eCo§i(i^45, -€-©KJPte0. 5~20nmT&£. 
#M8ffiBl8 4teCu, Au, Agtgj5>££:D, -^©KJS 
«0. 5~1 OnmTN&S. K3$fi8fflgl8 2fc£, 3$ 

@ffi!8 5©£®(::jgJi£T<5&^tt&<, 3&8&BI8 3 
©pq+r-f HcOXyi^gP (*ffiv^8 6ig&) \Z<Dfr&f$. 

[0 2 4 8] £ &t& < £ h&M&m 8 3 ©fi&K* 

JCte— ;#[Sj©il§M6B^£0 6 O^Ox^FIbJ (-fe>X«tfc£ 
ft) -^©iSS*, 3tattJB£ 8 3 fc&ttftte A'-f 

K3£fi3ffl8l8 2CDf£a>t 1 ttt^«ttl8 3 ©fi)cB£<f K J)0 
AfcfiS^jSjtttl 8 0° (7-ftXxJ 
ft) KIHB»«lio*.*. ^©se*, Mlil8 3j:lj:i 
8 o° mfcttfa iz&m&ms s\z&mf&&A-i7xm 
Rtfmt)*. ^-©asm, 2-o<z>mm&m8 3, 8 5©ra 
<t<Dfc?ftm\$m^mfto<Dvm-ei*K¥-mzte2>„ & 
is, m^mWH s tt0^©y^(6]tcjnt3^„ 
[0 2 4 9] g%lHl8 2lC<fcD3$fiBfflBt8 3i5cktf 
8 5JcS^[6l©AWTX^#4WJirr^^lCtt, 

i- ^-r^rsc 2o©h^14P8 2 tbr^-n-e 
8 2(D*—)imm<D^ffia>um.-Qffi>m%-<Dj5fa*i 8 o 

° ^-©iSm> ^1418 3, 8 5IC«H^ 

*[SJ^©A*< 7X®W#4Tt4. 

[0 2 5 0] **««-C»4. t¥*WXhf>A*;i/^fi|jiO 
ItttMO, S^ttK7S'>e><D^SlA--rTXdi3!in^-p 

KOh5y?«WK*UTft4**t«*T l b5 kA 
/mTS5. UA^b^S, ^*CCDXh'>A)Py«iji© 
K-TiS. FeMn^e.fcSS&JKffiglK.kS^AW'T 
Xfi8#4ffltr^©^— ^©^-&. FeM 
nBtN i F eR«CD»ttttR&«9[««IJ|-r«£: 1 0 
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<D^\z^mn-i Tzmmmom^ m^.n^mit<om. 
^mm^m^m^m^x-r^m^ m6i\zmt 
cfc^(c> 3SS8ttiS8 3i8 so^ti^tvnmwzwmfe 

i8 7, 8 8^fiES-fr-5, Tftt>5»)ittl8 3, 8 
5*-£tl-6n8 3 a*itf8 3 b, 8 5 a*5cktf 8 5 b 

[0 2 5 1] §£BttiK+K#mtti&£^&£-e5#*£-e 

tt, KSSSiffiBtS 2 <h«T5fcl©3H8!fflg|8 3 a, 8 5 
a{C«^l/^^A*-rTX*ij!jDfc-S*n 8 2 £ 

& Vfr^mo&mtem 8 3b, 85b lctt»H39JI/ W 
TX^iBfcS. 3HSttl8 7, 8 8CD«^KDa^^-© 
KJ?«CJ;D, SMttK8 2 iSUft^»«lttl8 
3 b, 8 5 b^W^&A'-f 7X©*££=M£flrr?i*-5. 
[0 2 5 2] ICT. 3SH8ttBi8 3 ai5<kO:8 3 bCDfifc 

it<Dts.-r&m.t. mmms 5 a^^^s 5 bo«ft© 

3$fi3ffle8 3 b43<fct*8 5 b <Dffi.it<Dte-rftmt.. MlZ 

%.&m&&3tz$imfr t>m&te.mt3mm\zmtt s. u& 

CT, &®H4£I8 3 a, 8 5 ai3J:t«ttl8 7, 8 

grTSfi!l©3£fiBffiR8 3 a, 8 5aCDf*ll S^Stt 
182 £Mb&trMBiJ©t$fiBffiBS8 3 b, 8 5 b©JP«£-(C 
tt^T*£ < d t^SS bn. 

[0 2 5 3] ±B20>«fc5tT'5^itCJ;t), ffiB^O"^ 
fiBfflg|8 3^*^/8 5©^b&ft£5¥frl;:Ji«*.-5;i£: 

m&&m<Dmitmfc\z «k o ia33&etfflgii!g©i8fi:©&-r*% 
g# o~i8o° £TXft:?stt.R#*?fe9'?$. 

2o©^mtt^tcA*-f T7.^^jnt)2><D-e. 
s^ss-m. ee*xtf>A*;v^sigT«ffi3S$nT^fc 

AR/R©^*#88*rT?1*3., 
[0 2 54] mmm3 3) *6&#J3 2tll 2^®K 

mmmmzmxvfzm^z^.c^s.m^mm bt>,±: 

[0 2 5 5] 12 6 2frbftfrZ>£o\Z. 0 ±\ZX 



2, &cktf3£BttlBl9 3£Jgfi£bfc,, 3&®ffiK9 1, 9 

3 i5 iOsHM&ttffil 9 2 ©8IJ*tt*iiS0i| 3 2t»il 
fc„ ^-O-hfCj^^ 2 ~ 5 0 nm©S3gmttBi 9 4 

b, ^ttK9 3\z3m/HTZ.*WMVTc. 
-€-©Jit£jp£ 1 0~5 0nm©CoP t, CoNii)^ 
<55fff6Bffl&9 5£i^bfc. ®»fi8ffl9l9 5©-klCg 

[0 2 5 6] #<r>T, £3ffiSffiK9 4-fc«fc*£*/'C-f 7 
xm#^|6j<tl^b*[6ltC4 00-800 k A/m©ffi£# 
£J!m;^T®«fiBttlg|9 5«rx*[&Jt#lKbfc. ^©*£ 
®3M&tt$l9 5<DX.yzSm^E><D&ft.mmz£.Q®. 

m&m9 i tcttv-f^xx^ifiKcA'-fTxa^tsnto 

9, 3SBH4I&9 1 t 9 3©^{fcteK¥?rtt«glCftofco 
-fl^#qn*>&]0S. S!£fiBffl8t9 4d>&(D3g«|/\*'f5'Xa 

Rttium < &s ± 5 \z^mn-i 7xa zl t 

KlJcD, H9^bfcR¥ff^^Sr^T#^>. 

mnm&m 9 5 9 4 *&sffiigs 9 3 ©^s 

lC#J*-r*&Sttfc:<» 3£flBffiBi9 3(0Iy>?f 

[0 2 5 7] ft:*, 0 6 2 © 9 5 £tta9ti8&R(Z>ttb 
Ofct)cSBitt(:i6t»3fiaittKlSffl IriS Jit t>-e#s. CCD 
»&. ttttttiZiEVtRBttRtt. £88ttR9 4fl>&£ 
«/x-f 7X^fe«J: 5 

195 fcXRvvr TT^ittoS t, 3MB&R 9 5 offlt 

* C fcK J: 0 ^tt^ 9 3 tCj!int)SS^attl 9 4 j8» & 
O^lft/HTX^tl 8 0° Sft:S*[6j{C##-e^ 

[0 2 5 8] ^fiStt^9 5CDffiR*^>R»$f|flE 

f S C t tCct 0 , fUMOi^ * > .h^8Bbf^jft;W 7X*J 
SSttl9 5 Tli, S3fifiS14IK9 

4 taaMs-&-r*©fcR#*n»«tt (£5$sn4i8i9 a 

tilf ^^->^;Vj«fiT-5fcae)tcS3SSS14K[9 4 <h*£H 

NIFel, CoFel. CoFeTal, CoFeP 
dlbWISLW t, »^^A*-f 77 > ^'l&^A*'f 7 

(NiFeKoFeMlttif) t/H7Xffl0^ 
BS^a (CofM«I< FeTaNHoaftWII 
R. MHUFeZr C«®Kft:«ISaR*) *^®Tf 

[0 2 5 9] 062 tC^-r^jg©«^» ^KmttK 9 5 
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0 6 3~i6 5{C^T«jtfC«tO^T^-5. 

[0 2 6 0] -Tifrb^ 06 3(w*-r«tP«C S«9 0 

±tc^6 2 tmm\zK&.m&m9 4 ^-<d 
xnmmnzzt&ffi±-c%, AR/RCD«T£«ifW 

[0 2 6 1]-*, 06 4ICfti3l:, *K9 0±CD 
SMtC^fffiBttlBi 9 5£Jg(£L, ^-K>±tii^K9 7 £ 
tf-bT3$8M£Bl9 1, #M8tt®|9 2, 3£B!teJBi9 3, i5 

j; zsKmm&m 9 4 &mimm u s e k««3$^ 9 6 
m&ffi: 9 4 b&m&m: 9 3 K^co^&A'f txss# 

s!iatti9 5&mmTz>. ^co^sr?^ ^14^9 

1 i 9 3 tcK*b*r6j©A-f Tx^^BUbn-r-Si 

t^feiiiatti9 5\znffii>mti2>z.ii&m±-v 

#-5. 7i*3> SfegHBI 9 7 9 5 t^ttlK 9 

1 £ (E>3£&«S^K:«fc Oii*ftA*< rxfiB^ante-s ' £ 

[0 2 6 2] 06 5IC5jVr«fc5t;:, ««9 0±(C 

^Sttl9 1, #®ttK9 2. K1M9 3, iSj:^ 
&Slfflgi9 4£JlS;fcf£«rr£. ifcC ICD«II*fS 

<DMVt\zmmtoj:Tz>. zLommmxteUzsxbm&m 

<D&. Z<DftK>(0-?7.Z?$:mm\sTV7b*ymz&r> 

&m&m9 1 rotj-'f Ffc®s^fflK9 s 

sisttK9 5s«iSi-s. ccD*ffit?fe, &m&m9 
ii93 KK^ftcoAW 7x&#£fTOirf £ £ 

[0 2 6 3] ($1^3 4)06 1 lC^-TXlf>A;l'^ 
IBiSfciStvr, #^X»«8 0±K latX CDC r 
m% 5nm©CuT*W. K&1H4BI8 2 £LTJP£ 1 5 
miCOFeMnR. 3£&ttg£8 3 a <h LTJft£ lnmCDN i 
8oFe 20 K, #m&m8 7 tLTlatX CDCr£-&trJP 
SI. 5nmCDCuffil. 3$fiBttl&8 3 b tLTJ?$ 6nm<D 
Ni 80 Fe2olK. 8 4 t LTJSS 2 . 5nmCDC 

ul8, 3S^tt^8 5b<tbTJ¥S6nm»Ni8oFe 
20H, 87iOTlat« ©Cr ZStimZ 1 . 

5nm©Cuf, 3$mftB£8 5 a <b LT0S 1 nmCDN i g0 
F e 20J8S, fttf IcSS&BttK 82i LTf £ 1 5 nm<D F 

[0 2 6 4] rne.CO^CD^M«. 5jc^fi85fc:,fcS8§»fi8 
2 SXA >y * ij >{ffe££ <0 Z\hU< 



SMSiffil X 1 0-4P a£TF> A r #XJE0. 4PacDs£ 
#Tff<^ 3£®i4K8 3©fie^$l7bfc^TSffi^;i, 

8 o° iHiKs-a-T*^m5(c«t^AW 7xa# 

(*54 0 0 0A/m) cd;£[p]£ 1 8 0 ° SfcL/fc. CCD 
A5l:lT. 0 -CiSi3iiJSttKm^CDS¥ff ttffi 

[0 2 6 5] ^etlfctt^(DStn;Sr4ffl^ffi{r«tDjBI 
Sl/fc. ^ftWlCte, ^JK14M8 3^<fc^8 5<D^©^ 
^ftfC 1 mACDj£Sdi££Jn*., SSHft^lBjCDKcDifsSr 1 
mmtLT4mmracD«EES-ai^tfc. fi^te^A*;^ 
3 -f;HC«fc 0^14^8 3i5<J:tf8 5CDBit«l#|6]t;:ia 
^E-<Di^*, »SttfcStSx-W8M4£0 6 7fc^ 

[0 2 6 6] 06 6lc:33Vvr, gtatift;*:^ (1 6 k 
A/m) TCDfitS: 1 {C&tefcLTScT. ESIfOTtt^BB 
141818 3 £8 SCDmft^SW^IC^^CDT, Stri** 

3. 2 0 0 0 A/mJK±©^#TWStr[«i5«t-?- 

— ^MSr^-T. *5 3 . 8 %SJCf<D&,$mitm& 2 0 0 0 
A/mJ^T<Dfil^CD^iefflT±i;^c:<i:*i^-2>„ S 
fc. CCDffita-KimttfCtttX^Ui'X^'y'fX^ 

t'^e-n^ti. -r^*>^> ccDxt*>AVP^«jgcDS( 

[0 2 6 7] 3 6fC, 0 6 0 K^-rXh^A'^^fiB^, 
g*tx!l*^^MbT, #11418 4 (Cu) (Dm^- 

^T. Tlfi)^(r«#S 5nmCDN i Fel^fflK St^tt 
H83, 8 5 tHPS8nmWN i F effit£/8H, Km& 
tt^8 2tC«ff$ 1 OnmCDF eMnKSffl^fe. 

[0 2 6 8] 

»6] 



««(Cu)S(mi) 




1.2 


9.1 


1.6 


5.7 


2.2 


3.9 


3.3 


3.0 



« 6 5 cumt>m<f&z>£%mzi&tii 

gtitmwmtialsT. CuJS^l. 2nm-p«9%CD^5ti® 

tri^k^*^e.nfc. ^«8 st^js^ 

8 5CI15 0 kA/mCDitlJM^^SWA-'fTXfiS 

^^n-^n^jbn^oTn-scD-c, #«Stt^8 4CDff^ 

(Cu) J¥*2nni*^tcSf<T-5« 

(DXe>A*^^Smmetri^^tS^:0, ^CD^ 
8 3, 84 iZKMJ5fo<D/U 7Xfi8^*ttIX.. # 
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[0 2 6 9] ($mm3 5) 'fr\Z. 7,\Z>W&WCUMtl 

zm-tz>imi8im<o&& 3 m&±.\zm j $>\stz.m&\z'D^ 

[0 2 7 0]S6 7lC^-r«t'5(C, S«10 0±ICS^ 
EBttBIl 0 2©gBft£SfflT3fc#©TieBll 0 1, F 
eMn, NiO. P t Mn^#>£>ft&JP2 5~ 5 Onm© 
£&«&lg|10 2, CoFe, Co, NiFefA^ft 
1~2 0nm©3&H£Kl 0 3, Cu, Auf*6 
&SJP£ 1~1 0nin©#f^ftfitl 0 4, ff£ 1~2 Onm 
©3&&fflKl 0 5, J¥2 1~1 0nm©#&ffl8ll 0 6, 
m% 1 ~ 2 0nm©3$&fflBi 10 7, *J:tfJP2 5 ~ 5 0 
nm©R3£fiStt)8i 1 0 8.*»JSfibfc. 5£Biffi8ll 
0 3, 1 0 5, 1 0 7IOIIH t^KTtiS/i 

[0 2 7 1] K3£fi8fflBtl 0 2 <h 1 0 8j&*&-t-n-CTl3ft 
m&m 103tl07 fC^/WTXSr— ^ft (0* x 
*|pj) ICtP^fco *•©*§*, *P B 1©3$MEBt 10 5©* 
, 3£&ftffil 1 0 3 i 1 0 7 te<£V>jS«B 

T&:b^ffiKt;©@*?!i^§l-?€r;fc. c©fiBKfc©B«f 

ffl«9 5^ffl^T*><fc^. £3$®ffl»l 0 2*i 

^108 iStSSlttll 0 3S$£Zfl 0 7©*m<fc 

^>CoFeSfflK 4>F4©8H3&teBll 0 5©*m£LT 
[0 2 7 2] CWck^^^tCctO, ^©SSfiBffigll 

©SLtltefi^T&O, ^bfc«^Hi^pI^fC^S. 
7£*5, ^JSfi»J3 3-CUiWUfcJ;p^»mi4^Sa# 
(C<fc£/\*-f 7X^<&#ffl-rtl«, 3£GBttBll 0 3i5J;tf 
10 7 i. ^©^fiSttffill 0 5©«&ffc©73rr:fta£{s 

fi«J3 2-C5E^fca>!rO?Sim^d;0, £ <E>\z&mg.T&/ 

[0 2 7 3] C9^££M3 6) 06 8tt, XtT>fe#fiiL 

[0 2 7 4] S«l 0 0±K, £3$affig|l 1 1, #18 
ffiiin, 115, 1 1 7$^LT8Il/fc4l©^ 



win, 114. 116, us. 

S&*l5«fc5tC®g3SiHPl 0 9tt©±fc»*Ufc. 
l;»5i;TS»«ttii l l ©T»cttffiffl$dWf!©Tifi!gi 
£, i^sttRi i 9©-Licte«MiBi£jgj5£-r& < , #k 
©*m, s^j»«@6 nzTFiisfcbohmmtLtc. 

[0 2 7 5] >>13.< ii%&m&mi l 2 ©jsEJgf 

^©f£©jE&Ki£+-rS§H6Bl^r6] 1 8 0° SfiUT'> 

^<tfes^ttai i 9©^^»c(i^a#&0*T 

^Xx^lSjKtt-S-Lfc. C©«£§|*©SH3B#l;:±t>, 
StfiBttBIl 1 2tC«x*(6]fC, 3$SBffiBll 1 8tcHV-f 

112, 114, 116, 1 1 sombmrnzmK-tez 

©T, ^©^tfiJtc^^sm^-d^^T^. £0>EBJUc 

.to, K&m&m£&VT^tt^*m<D&m&mi 1 4 
1 1 1 6 (Dmmt^rti^tm.mmm 1 1 2 1 1 1 8©m 
•fttswtc^-s. -rfc*r£fi^fi&#o-m4ji©3£fi& 

[0 2 7 6] *F H 1©3&8ffl8t 114ill6^(0 

R^#a^F*#©«£-lcW:, -fe>Xfl^{ci0^^T^> 

m%-&%m&mi 1 2 £ 1 1 4-c«t< ^-xx^tsjtc 

3&8ftlgil 1 6tl 1 8-e«x^r6)!CJ!nJ*P^>J:5t-fe> 
£3$fiBttl8lrtv£©32&A*-f 7 >7.«sftfiB#<fc 

0 *>*^ < tc^rrntf, &ai4Bi 112^1 

1 8<Dmit&nffimmz£K)iL2nz>z.iitz<K&m& 
m^vtmrt-iTttfaizmm-cz*. 

[0 2 7 7] ^©^^^JEKtC-r-SCttCtO. 410 

3£BBH4®l©£ffi8fl;:#rS]te, «^m#o-eR3SffiteWtcSB 

[0 2 7 8] 3 7) X bT >«#«a«g^3 

^*-r^>-ge©3fiatt^©^ts:H»UT, ao©^m 

[0279] 06 9«, -t>7>mffitmnmft<DjjfitfA 
i^t^aii^st. s^i 2 o±(c, #m&mi 2 

2 f^tt^ati^sr^-r^SifiSttK 1 

2 1 *5«i:t5 12 3 S&mttilt 12 4 S:)®*^ 

JEiKLfc. ^©«W, Jl*-(iS6 0lC^Lfcfc©il^«l 
4Lft. jSMSfclBUT, S^tt^l 2 4±t;MISS: 
»Egbfc«tCli®^Tl 2 5^figLfc„ 

[0 2 8 0] ^dt, '>JS:< tfcSfifiStt^l 2 1 ©fiK^ 
+ fctt, 04'xtt*5«fct^yW©2i?^©*l6UC»m5f- 
'>J^< tfcS^ttf^l 2 4©j£BI+ 
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xn^-vrz (mt>y%m) . -roj&K. ^etiii 2 1 
3 <Dm<mK&m&m 1 2 ^eosvf Txs&fMcj: 9 

& 0 . «^8#a*ssE&fflB£ 1 2 3 <r>mmm?jfa\zmt) 

St*ofeiM/H7XA5^ICft;S. Z\<D^S 

^ttffi; 1 21 ii 2 3 ,t©!i«tt»^ie^ic 

=fc 0 3&6Sffig| 1 2 1 «Jl«if«# 0 Ty ^|6]fC|Sjtt 

ti 8 0° mtettfaiziat>z>£o\z. •?tet>%z\<D& 
m&&tem&\z£zmft-tnffi.M%-itm®iZtiz>£oiz 
±>znffi<Dffinz>fa&&&;tf>z> z. t \z j; d [aF®-e^ 

[0 2 8 1] b^b^e,, SlfiBffiBIl 2 1^1231; 

m*mt§mmi$k*m-?z>Wk*m^z>®'&\z\s.. miz 
z\<D?m&ftfc&&izj:z>mmzj:r)&m&mi 21© 
BMtMwmii&m 1 2 3CDeYkM*i6j(c«< 

mzisuT, ftm&m 121 w^t^rsj^ssst^iPi^w 

[0 2 8 2] tCif, 5W609 3 7T?te. AVI^A^-fcf 
>/^X^iWK£>^fc*aA*-f TXffiBIF- ffltxi*J;Dt 

y tt© 2 i?^*ifiico/\*-f Txmm &M7LZ&m&& 

2>. Z\<Dtztb\z\*. 2\zmVTz£?f3;K&mte 

mz&m&i&i 2 1 ©*sfflucBBmbT^ie^$-& 

3„ 07 0 (A) IcST «fc 5 fc. K3£ffiBttJgi 

1 2 4±fc, afe^SS^ttd^^ (HcMft/H7 
X(S#H B A«fcO/JN^^) 3&8fflBll 2 6<£*gjf bT, 4> 
&< tt)d©^ffi8tt^l 2 6©«ItlCH sEl't'OA' 
-f7X^#^fBlSr«E*ai 3 5° Ki|gbT3&8tt£ll 2 6 
7^£©£&A--f 7X&#£3£fiBttBil 2 lKJnAS^te 

K^Tfl6^©S@fc*fc-r©-e, S58ffi3H4Ell 2 4_hK 
j£^bfc3£fiMil 2 6iZ®mz$iWS'iT7.Ztt5--Z 

>tzmT.istz£2\z%£.-rz>ifrmi£&m& (Kmm \z 
«fco. iiEAWTxa#<&^att^i 2 i »cjnx^c:t*i 

[ 0 2 8 3 ] m 7 0 (A) O*iS0i|-m, £3&8ttl8i 1 

2 4 ©|ggffiiiio-!M KT^&A-f 7X*(6j^S^:-5(DT. 



7 0 (B) tC^-r^PfC, £3&8t!iiffill 2 4&fpffl\zm 

2 4b (Cu^fflfccfil) ^LTSMttKl2 
4 a 1 1 2 4 c IZ^J5f-r-5iiT[El)eT^^„ C©t 

»l3 2t^fe<k5C. MlT^ftA'-fTX 
e^lfiJ^^Bj^i-r-Sfci*, K&^tiilgl 1 2 4 a i 
1 2 4 c fJ^-JkSSfcHyD 7*>f M*5S)5;-5i» 

m&m i 2 i (ctf-*rci*&^#. ^©i#^mi4P(i 2 
;P7 7 xi&^te * tc te&Hmm&fSk&m i» -5 c t a<s 

*bH. b^b&**e>, iKCt^^lRtt. FeMn?® 
£3£&&JB£££&*S^bitUcDT, 2 4a 

tlgrf 5S$5HcteSi$^N i Fe^CoFeTal?03J 
illS^b-^rt»!ft«ttllll 2 4b*ilLT. *<D±iZ 

«tt3E*Ms^-r -5 =fc 5 Jcae-r-s c tats* v 

[0 2 8 4] (*S60S3 8) 07 0 (C) (i, ir>xm 

fx^natctt^sn. fr^>m<D&tt&i&9 o° bci 

TH6CiK*HJH6 9®4ftj££|B|«-?&«. C©#|f& 
IJ9 0' JC&D, flre«JIW9M8f£K 1 2 3©aYk@lf 

^rfttctobs^. ffi&m&mvmitTP&m&ffjfsmmz 

&«fcaM&#t;0i*4>L. &l3Bft:M&ffil£ 1 8 0° ft 

■fe>X««EfcJ:*«»E«*3J«!iattgtl 2 1«WS«6* 
[0 2 8 5] Sfe660iJ3 8TI1 ^SStt^l 2 3 

3Lum^mR(nTz&\z?fcm&mi 2 

1 ©®{fc*«y^[a]lC«#^T^c:«i:*#ttlOAT^<„ 
^Jg«sj3 7~zm\s<WlW\stz&?\Z. Z\<DftM&#)m& 

#A<3iittRi 2 1 \ztat>^a)-v. &r\,t>nm&mi 

[0 2 8 6] A-;p^A^-tf>y'fXffl)*JSft**^+^© 

-5. 

[0 2 8 7] (^J6fi«J3 9) 07 1 tt. Xtf>ft#m 
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13 1. IMBttBIl 3 3*5<tt5l 3 5£^&£-efcXtf 
>ft#«taffi**^r-r^^ttMl 3 2, 1 3 4, 1 3 
6<9ffilH, H^tt^l 3 7^fg^fiKbfc„ ^©Ji 
tC*ffiSg^ 1 3 8Sr^Lfc. 

[0 2 8 8] CCT. »S!#©#r6]H 'Pt£<tb&m 
ttRl 3 2^mi 3 7©^4"«i^i;*|S]tb 
T dfyJlRl) . 3 4OTJ5£K4'«^nt4 

5° ©£j£&-f#|S] (0*xttiytt©2^^|pJ) 

<t bfe. ^©fsn^ &m\twi i 3 2 1 1 3 6 <t>m{tit.m 

jcisk. bfed*oT. £©«*$-?*>. m%-oxiz.mmi 
tt^©m{b<D^-rft««a«4 5° k&d, 
3&8BttBli 3 6©«Hb@S#ia]icJjnfc>5£. M^SSttlK 
©&ffc;£rS]ai3£8Stt6?J&ge?iJ Z> b , 

isec^bB**ifi]t i8o° mtttfiuzm^mmm 

[0 2 8 9] mmm4 0) *J£0i|3 8-e^Lfc^j*C0 

mmrnm^m^- ©«s si©stri - * mm? 

-5. 

[0 2 9 0] 0 7 0 (C) Ki5<AT, S^l 20ibt 
U-77'f7CISKfflK 3£ffittBJIl 2 1 iiVTJmZ 
5nm©P dT*6K£*"f"£>ffcf 6nm©C 090F eiol^£ 
fflt^ ^JSttMl 2 2 izlsTmZ 3nm©Cufg£ffll^ 
3£fiBffig|l 2 3i:LT«JPS4nm<DCo9oFeio^Srffl 
K3$&ffiRl 2 4<hUT{iJP£ 1 5nifflFeMnI 

[0291] z\v>mmm-3.2m7.ny?i)>>fmziLr) 

^fi£5{C<fcD»fi&#£tt-5-U &fiBfflSll 2 1 ©j5£|gt£ 

*iAfc^{c»sa[#o)^isi*9 0° stes-a-c, mt&m: 

1 2 1 1 1 2 3 ©2§^«)©&-f 9 0 0 t Lfc * 
fc, >^Off#«ttlx 1 0-4P a£TF. 

XAy^tfXJEttO. 4Patbit. 
[0,2 9 2] £©:«Jilg©ffift-$##tt£5ft66m 3 

£ steals 07 2caisw^r6]©ffifiT;-fi8i^it 

tt£*T. 07 2{Ci5^T, &&tttt&®fl:ffi?iJT-©J£ 
6x£ 1 £ bT«t&^T-5o i7 2^e»^-&J;-5tC, m 

[0293] (snisfci 41) i ctn ^mum/im 



[0 2 94] 07311 Sffi 120 ±td. C o P t 31© 
A- K3H8ttK. -MfiS^S^ttfiS^H k fcf>fe?F 

Hk~5kA/m©CoFeRei§) -£>N 

it><Dmi<Dn-iTxmi 2 1 a, xe>fe#«ta^---^ 

h (UNBttKl 2 1. #B*fflBil 2 2. ^68ttKl 2 
3) , FeMnfOSSiiftliA^&S/H 7Xl#S 

^JSffit^Srr. C©^Il©Sl<DA''f7Xll 2 1a 

^tCfcD^K&fiSffigll 2 1W TXfiS#d*Sn*5-5>. 
I2C/H7X11 2 4^6^t5;W77a 
«JI#®£iILfc32»«£^K±92£(C&mttl8ll 

2 3 Mt>Z>. Z.<DW, 1 iSg 2 CD/Vf 7XfiB#f*BWaii: 

tc. m 2 oA-r T^ms^«^fiSttM 123 (Dmit&mn 
mm?&nmzmwte^nm<D&^m£-rz> dokA 

[0 2 9 5] — 36r % » 1 C9/H 7Xii#^SH M^SS 

^{c«t 0 1 2 1 <Dm<ti>mm-v&. nw/w 

/M7XI1 2 1 ai&JKffl&l 2 1 ©A*-f TXK^Sr 
5kA/mJWTfC-r?>vli:diSSbV^ «1©;H7X 
^tC^mtt^$rffl^?>«-&(CH M^©#©lCct OA* 

-f7xii 2 1 acom^m^— j£jjfa\z&&VT mm 

Kfb LTA-f 7Xil 2 1 a <h&fi&ffiBll 2 1 £§S<^£ 
ftS^T-ftfttSt. {f^fiS^MCfcOA^fTXBIl 2 

1 a 43 J: reaffirm 2 1 a*8lta|sO«fciEie-T?i*. ^® 
M12 1 a^¥ffilS-X?*S©-C. ^8814^1 2 1fc* 
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(54) MAGNETORESISTTVE EFFECT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the soft 
magnetic characteristics by depositing a ferromagnetic 
film, a nonmagnetic film and a ferromagnetic film 
sequentially on a substrate wherein one ferromagnetic 
film has a composition principally comprising two kinds 
of element selected from a group of magnetic metals 
and added with one element selected from a group of 
nonmagnetic metals. 

SOLUTION: A ferromagnetic CoFe film 1 1, an 
intermediate nonmagnetic Cu film 12 f a ferrormagnetic 
CoFe film 11, an antiferromagnetic FeMn film 13 and a 
protective film of Ti 14 are deposited sequentially on a 
sapphire substrate 10. One ferromagnetic film has a 
composition principally comprising two elements 
selected from a group of Co, Fe and Ni added with one 
element selected from a group of Pd f Al, Cu, Ta, In, B, 
Nb, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, Ir, Au and Ag. This 
structure enhances the soft magnetic characteristics. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the magneto-resistive effect element which possesses at least a ferromagnetic, a 
nonmagnetic membrane, and a cascade screen to which it comes to carry out the laminating of 
the ferromagnetic one by one on a substrate. One [ at least ] ferromagnetic uses as a principal 
component at least two sorts of elements chosen from a group which consists of Co, Fe, and 
nickel. A magneto-resistive effect element to which at least one element chosen from a group 
which consists of Pd ? aluminum, Cu, Ta, In, B, Nb, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, Ir, Au, and Ag is 
characterized by having a presentation by which addition content was carried out. 



[Translation done.] 



http://www4.ipdl.jpo.gojp/cgi-bi 2003/12/22 



Best Available Copy 



1/48 s<— v 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the magneto-resistive 

effect element used for the magnetic head etc. 

[0002] 

[Description of the Prior Art] Before, when reading the information recorded on magnetic- 
recording data medium, the method of detecting the voltage by which induction is carried out to 
a coil by the electromagnetic induction which is made to move relatively the magnetic head for 
read which has a coil to a record medium, and is then generated is common. Moreover, when 
reading information, using a magneto-resistive effect mold arm head is also known [IEEE MAG- 
7,150 (1971)]. The electric resistance of a certain kind of ferromagnetic uses the phenomenon of 
changing according to the strength of an external magnetic field, and this magneto-resistive 
effect mold arm head is known as a high sensitivity arm head for magnetic-recording data 
medium. Since miniaturization and large capacity-ization of magnetic-recording data medium are 
advanced and the relative velocity of the magnetic head for read at the time of information 
reading and magnetic-recording data medium is becoming small in recent years, even if it is a 
small relative velocity, the expectation for the magneto-resistive effect mold arm head which 
can take out a big output is growing. 

[0003] Conventionally, the NiFe alloy (it abbreviates to a permalloy hereafter) is used for the 
portion (it is hereafter called MR element) from which an external magnetic field is sensed in a 
magneto-resistive effect mold arm head, and resistance changes. When using what has good soft 
magnetic characteristics for MR element for magnetic-recording data medium which magnetic- 
reluctance rate of change is about 3% at the maximum, and was large-capacity[ a miniaturization 
and ]-ized, magnetic-reluctance rate of change of the permalloy is inadequate. For this reason, 
what shows a high sensitivity magnetic-reluctance change as a MR element material is desired. 
[0004] On the multilayer cascade screen which comes to carry out a laminating on some 
conditions by turns, and the so-called artificial grid film, a ferromagnetic and a nonmagnetic 
membrane like Fe/Cr or Co/Cu in recent years It is checked that a huge magnetic-reluctance 
change appears using antiferromagnetism-association between adjoining ferromagnetics. 
[Phys.Rev.Lett., Vol.61, 2472(1 988)][Phys.Rev.Lett., Vol.64, and 2304(1990)] to which what shows 
the big magnetic-reluctance rate of change exceeding 100% at the maximum is reported . 
[0005] exert exchange bias on one side of two ferromagnetics which sandwiched the 
nonmagnetic membrane with another means on the other hand, without using 
antiferromagnetism-association between adjoining ferromagnetics even when a ferromagnetic did 
not carry out antiferromagnetism association, fix magnetization, and another ferromagnetic 
carries out flux reversal by the external magnetic field — a nonmagnetic membrane — inserting 
— mutual — anti a condition [ **** ] is made and the example which realized big magnetic- 
reluctance change is also reported. [Phys.Rev.B., Vol.45806(1992)] [J. which calls this type spin 
bulb structure here Appl.Phys., Vol.69, 4774(1991)]. 

[0006] As for the resistance law and magnetic properties of a cascade screen, both an artificial 
grid film and the film of spin bulb structure change considerably with classes of ferromagnetic. 
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For example, in Co/Cu/Co/FeMn, when Co is used with spin bulb structure, although 8% of big 
resistance rate of change is produced, coercive force is as high as about 20 oersteds, and soft 
magnetic characteristics are not good, on the contrary — although the good value of one or less 
oersted is reported for coercive force by NiFe/Cu/NiFe/FeMn when a permalloy is used for 
example, — [which is not so large as about 4% as for resistance rate of change — J. — 
aluminum.Phys., Vol.69, and 4774(1991)]. Thus, although the soft magnetic characteristics of a 
cascade screen are good, resistance rate of change falls. Therefore, the configuration element 
and membrane structure of a cascade screen with which both soft magnetic characteristics and 
resistance rate of change are filled are not reported yet. 
[0007] Moreover, there are the following troubles in the film of two types. 

[0008] By the artificial grid film, although resistance rate-of-change deltaR/R which disregarded 
a magnetic field range is large compared with a spin bulb mold, since the saturation magnetic 
field Hs is large, difficulty is in soft magnetism, since antiferromagnetism association is large, and 
this RKKY antiferromagnetism association is still more sensitive to interface structure, the 
stable membrane formation is difficult and tends to produce aging. 

[0009] By the film of spin bulb structure, if a NiFe film is used for a ferromagnetic, good soft 
magnetic characteristics will be obtained, but since the number of the interfaces of a 
ferromagnetic and a nonmagnetic membrane is two, deltaR/R is small compared with an artificial 
grid film. In order to increase the number of these interfaces, even if it constitutes the multilayer 
cascade screen which repeats and comes to carry out the laminating of a ferromagnetic, a 
nonmagnetic membrane, and the antiferromagnetism film, since the high antiferromagnetism film 
of resistance will exist in this cascade screen, spin dependence dispersion is controlled, and the 
increment in deltaR/R cannot be expected after all. 

[0010] Moreover, since magnetization rotates by the ferromagnetic of only one side when a 
signal magnetic field is added to the difficult shaft orientations of the ferromagnetic suitable for 
the magnetic head, as shown in drawing 83 , the angle which magnetization of the ferromagnetic 
2 on the antiferromagnetism film 1 and the ferromagnetic 4 on a nonmagnetic membrane 3 
makes by the signal magnetic field is changed only to about 90 degrees. In addition, the angle 
change to 1 80 degrees arises in easy shaft orientations. Consequently, deltaR/R decreases in 
the abbreviation one half of easy shaft orientations. Here, if thickness of a nonmagnetic 
membrane 3 is made thin and increase of resistance rate of change is aimed at, when the 
exchange bias magnetic field of the ferromagnetic 2 on the antiferromagnetism film 1 is 
weakened by a certain method even if and it enables it to use magnetization rotation of both 
ferromagnetics 2 and 4, in order that ferromagnetism-association may work between two 
ferromagnetics, in the state of the signal magnetic field 0, the magnetization between 
ferromagnetics turns to this direction. Consequently, even if it carries out magnetization rotation 
by the signal magnetic field, angle change of the magnetization between two ferromagnetics 
becomes small, and resistance change becomes small. 

[0011] Furthermore, ferromagnetism-association between two ferromagnetics which work when 
thickness of this nonmagnetic membrane is made thin also has the problem of degrading the 
permeability of a ferromagnetic. Moreover, by the method which passes sense current in the 
direction which intersects perpendicularly with a signal magnetic field, although there is the usual 
anisotropy magneto-resistive effect by the NiFe film with good soft magnetic characteristics, as 
shown in drawing 84 , after magnetization of two ferromagnetics has gathered in this direction in 
the signal magnetic field 0, the anisotropy magneto-resistive effect by the signal magnetic field 
and the resistance change by spin dependence dispersion will negate each other. 
[0012] 

[Problem(s) to be Solved by the Invention] Although it is necessary to make the current to 
supply increase as much as possible in order to obtain [ 1 st ] high sensitivity in the magnetic 
head as a common problem of an artificial grid film and the film of spin bulb structure, it is that 
the direction of magnetization is disturbed by the magnetic field which this current makes [ some 
ferromagnetics ] in both film, and the high sensitivity resistance change to a magnetic field is 
barred in this case. Near the maximum upper layer of a cascade screen, and the lowest layer, a 
current magnetic field is strong and, specifically, magnetization tends to turn to the direction of a 
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current magnetic field. 

[0013] The important problem which should be solved when applying to the magnetic heads, such 
as Barkhausen noise control and operating point bias, is in the 2nd. 

[0014] As mentioned above, with the magneto-resistive effect element which has an artificial 
grid film using spin dependence dispersion, and the film of spin bulb structure, it is in the present 
condition that good soft magnetic characteristics cannot be shown and large resistance rate-of- 
change deltaR/R moreover cannot be shown in the time of a high current injection indispensable 
to high-sensitivity-izing. 

[0015] This invention is made in view of this point, and soft magnetic characteristics are good, 
and it has the film or artificial grid film of spin bulb structure with sufficient resistance rate-of 1 - 
change **R/R, and aims at providing the magnetic head of high sensitivity with an applicable 
magneto-resistive effect element. 
[0016] 

[Means for Solving the Problem] This invention made in order to attain with the above- 
mentioned purpose has at least basic structure of coming to carry out the laminating of a 
ferromagnetic, a nonmagnetic membrane, and the ferromagnetic one by one, on a substrate 
about a magneto-resistive effect element which has an artificial grid film as shown in a film or 
drawing 4 of spin bulb structure as shown in drawing 1 . Here, especially as a material of said 
ferromagnetic, unless it is specified, Co, CoFe, CoNi, NiFe, Sendust, NiFeCo, Fe8 N, etc. can be 
mentioned. Furthermore, a ferromagnetic which consists of Co100-x Fex (0< x<=40 atom %) is 
high **R/R, and since it shows low [ He ], it is desirable. As for thickness of a ferromagnetic, it 
is desirable that it is 1-20nm. In addition, in this invention, ferromagnetism is semantics including 
ferrimagnetism. Moreover, as a material of a nonmagnetic membrane, non-magnetic metal, such 
as Mn, Fe, nickel, Cu, aluminum, Pd, Pt, Rh, Ru, Ir, Au, or Ag, CuPd, CuPt, CuAu, a CuNi alloy, 
etc. can be mentioned. As for thickness of a nonmagnetic membrane, it is desirable that it is 0.5- 
20nm, and it is desirable that it is especially 0.8-5nm. 
[0017] 

[Embodiment of the Invention] Hereafter, the magneto-resistive effect element of this invention 
is explained concretely. 

[0018] At least invention of the 1st of this invention on a substrate A ferromagnetic, a 
nonmagnetic membrane, And it is the magneto-resistive effect element for which a 
ferromagnetic possesses the cascade screen which comes to carry out a laminating one by one. 
The magneto-resistive effect element characterized by said two ferromagnetics being 
uncombined, and one [ at least ] ferromagnetic using as a principal component at least one sort 
of elements chosen from the group which consists of Co, Fe, and nickel, and the maximum **** 
carrying out orientation to the film surface perpendicular direction is offered. 
[0019] In the 1st invention, it means that antiferromagnetism-switched connection does not 
exist substantially that two ferromagnetics are uncombined between two ferromagnetics. 

therefore, two ferromagnetics — setting — anti when realizing a magnetization array 

condition [ **** ], a means different from antiferromagnetism-association between 
ferromagnetics is formed as a bias magnetic field impression means to a ferromagnetic. 
Moreover, in the case of a fee phase (111), the maximum dense plane orientation means a field, 
and, in the case of a hep phase (001), means a field. 

[0020] In the 1st invention, as a method to which a film surface perpendicular direction is made 
to carry out orientation of the maximum **** of said ferromagnetic How to add at least one sort 
of elements chosen from the group which becomes the material of said ferromagnetic from Pd, 
aluminum, Cu, Ta, In, B, Nb, Hf, Mo, W, Re, Ru, Rh, Ga, Zr, Ir, Au, and Ag (especially) Addition of 
Pd, Cu, Au, and Ag which do not almost have decline in resistance rate of change is desirable. 
The method using C side of silicon on sapphire etc. as a substrate which forms a ferromagnetic. 
The material which has fee lattices, such as Cu, nickel, CuNi, NiFe, germanium and Si, and GaAs, 
between a substrate and a ferromagnetic, The material and Ti which have trigonal lattices, such 
as NiO, magnetic amorphous metals (CoZrNb, CoHfTa, etc.) and the method of preparing the 
substrate film which consists of what was chosen from the group which consists of a 
nonmagnetic amorphous material, the method of forming membranes with ultra-high-vacuum 
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membrane formation equipments, such as MBE, in a list, etc. are mentioned. 
[0021] If the example of said substrate film is shown in detail here, in using the ferromagnetic 
which has the fee lattice represented by Co90Fe10 film in Co system ferromagnetic, for example 
Cu-germanium-Zr, Cu-P, Cu-P-Pd, Cu-Pd-Si, Cu system alloy represented by Cu-Si-Zr, Cu-Ti, 
Cu-Sn, Cu-Ti-Zr, etc., Au system alloy represented by Au-Dy, Au-Pb-Sb, Au-Pd-Si, Au-Yb, 
etc., aluminum system alloy represented by aluminum-Cr, aluminum-Dy, aluminum-Ga-Mg, 
aluminum-Si, etc., Pd system alloy, Be-Ti which are represented by Pt system alloy, Pd-Si, Pd- 
Zr, etc., germanium system alloy represented by Be system alloys, such as Be-Ti-Zr and Be-Zr, 
germanium-Nb, germanium-Pd-Se, etc., The metal system which has fee lattices, such as Ag 
system alloy, Rh system alloy, Mn system alloy, Ir system alloy, and Pb system alloy, Or the alloy 
system, germanium which use as a principal component the metal which has these fee lattices, 
The material, GaAs which have the diamond structure of Si, a diamond, etc., The material which 
has zincblende structures, such as Ga-aluminum-As, Ga-P, and In-P f is mentioned as a material 
which has said fee lattice, and the material which uses as a principal component at least one 
kind chosen from these, or the material which added other elements to them can be used. 
Among the above-mentioned materials, by itself, since specific resistance is fully high as 
compared with a ferromagnetic, material other than a single element metal has already had the 
effect which controls the current for shunt splitting. Moreover, although combination with various 
increments in the specific resistance by addition of the other elements to a single element metal 
exists, alloys, such as Cu system alloy represented by Cu-nickel, Cu— Cr, Cu-Zr, etc., Au-Cr, Fe- 
Mn, Pt-Mn, and nickel-Mn, are mentioned as an example in it. 

[0022] As a nonmagnetic amorphous material, nonmagnetic nonmetal materials, such as 
amorphous carbon, such as non-magnetic metal materials, such as what contains a single 
element metal, and a nonmagnetic alloy and a nonmagnetic nonmetal as an additive, and 
amorphous Si like Hydrogenation Si, hydrogenation carbon, glassy carbon, graphitic carbon, etc. 
are mentioned. 

[0023] Although especially the thickness of a substrate film which was mentioned above is not 
limited, it is desirable to be referred to as 100nm or less. Even if this makes thickness of a 
substrate film not much thick, the rate of current of flowing to about [ that the effect beyond it 
is not acquired ] and reverse at the substrate film in the whole element is large, and it is 
because resistance rate of change becomes small as a result. In the 1st invention, a substrate 
film improves the maximum dense plane orientation of a ferromagnetic, since [ furthermore, ] it is 
possible to carry out stratified growth, without being based on a substrate material, it is 
stabilized and the smooth surface is obtained in a nonmagnetic amorphous material among 
materials which were mentioned above — an improvement of orientation (111) — in addition, the 
surface smooth nature of the ferromagnetic formed on it — improvement in the smooth nature 
of an interface with a nonmagnetic membrane can be aimed at further. Therefore, it becomes 
possible to be stabilized and to obtain good resistance rate of change. Moreover, as a substrate 
film in the 1st invention, if a non-magnetic material is used, a bad influence will not be done to 
the ferromagnetic formed on it 

[0024] In addition, although a crystal stacking tendency improves when forming a substrate film, 
smooth nature may deteriorate and resistance rate of change may fall. So, when using the 
material and the magnetic amorphous metal which have an fee lattice as a material of said 1 st 
substrate film for promoting the maximum dense plane orientation, it is desirable to make the 
2nd substrate film for improving the smooth nature which consists of Ti, Ta, Zr, a nonmagnetic 
amorphous material, etc. into the two-layer structure arranged between the 1 st substrate film 
and a substrate. By making it such a configuration, the magneto-resistive effect element having 
the good soft magnetic characteristics obtained by improvement in the maximum **** crystal 
orientation and high magnetic-reluctance rate of change is obtained. Moreover, in addition to the 
above-mentioned effect, in two-layer structure, a part for the shunt current in the current which 
flows in an element can be lessened by using the 2nd substrate film with which it has the same 
crystal system as a ferromagnetic, and specific resistance consists of a larger material than a 
ferromagnetic material. In addition, when using a substrate film as a laminated structure more 
than two-layer, it is desirable not to exceed 100nm as thickness of a laminated structure. 
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[0025] as the production method of a substrate film which was mentioned above — 13.56MHz or 
MOCVD which uses the ion beam sputtering method using the ion source with various 2 pole 
sputtering methods using high frequency discharge 100MHz or more, ECR ion sources, 
Kauffmann mold ion sources, etc., the vacuum deposition method using an electron beam 
evaporation source or a Knudsen cell, a heat CVD method, the CVD method using various 
plasma, and an organic metal as a raw material — law and MOMBE — the various membrane 
formation methods, such as law, are applicable. It is important to perform management of water 
and oxygen as common in these membrane formation methods through high-grade[ super—]-izing 
of exhaust air to an ultra-high vacuum or material gas. More specifically, it is H2 O and 02. They 
are ppm about a content. It is ppb below desirably. Decreasing to order is desirable. 
[0026] In the 1st invention, it is desirable as a material of a ferromagnetic to use Co system 
alloy. By the system which does not contain Co, this reason is low compared with the case 
where resistivity change **R/R of the magneto-resistive effect element obtained is about 4% 
and Co system alloy, and is because it is the big crystal magnetic anisotropy which Co has even 
if it realizes the maximum dense plane orientation, so there is a possibility that soft magnetic 
characteristics may not improve so much, with the single element metal of Co. At this time, 
since 10% or more of high **R/R and low [ of less than 80 A/m / He ] are shown by Co100-x 
Fex (5<=x<=40 atom %) considering as fee phase (111) orientation especially, it is desirable. 
[0027] As for the crystal orientation of a ferromagnetic, it is desirable that less than 20 degrees 
of half-value width of the rocking curve of the maximum **** (for example, fee phase (111) side) 
reflective peak in the X diffraction curve are especially 7 degrees or less. 
[0028] In the 1st invention, the addition content of an alloying element needs to be a range 
where the intermetallic compound which the ferromagnetism of the ferromagnetic which uses a 
CoFe alloy etc. as a principal component is not spoiled at a room temperature, and checks spin 
dependence dispersion is not generated. For example, when alloying elements are aluminum, Ga, 
and In, it is desirable that a content is less than [ 6.5at% ]. When alloying elements are Nb, Ta, Zr, 
Hf, B, Mo, and W, it is desirable that a content is less than [ 10at% ]. When alloying elements are 
Cu, Pd, Au, Ag, Re, Ru, Rh, and Ir, as for a content, it is desirable that it is less than [ 40at% ]. 
[0029] As a substrate material, moreover, MgO, sapphire, a diamond, graphite, Silicon, germanium, 
SiC, BN, SiN, AIN, BeO, Although the single crystal object represented by GaAs, GalnP, GaAIAs, 
BP, etc. and the sintered compact which makes those polycrystalline substance and them a 
principal component, magnetism or the single crystal object of non-magnetic metal, the 
polycrystalline substance, a sintered compact, etc. are mentioned as an example of 
representation A substrate material is chosen according to the class and its substrate film 
material of a ferromagnetic. It is desirable to use C side of the silicon on sapphire which has Co 
system alloy and good lattice matching, and has especially the feature which a still smoother 
field tends to acquire easily. When using single crystal substrates, such as silicon on sapphire, as 
for the thickness of a ferromagnetic, it is desirable to make it 20nm or less. This is because the 
maximum dense plane orientation will deteriorate if the thickness of a ferromagnetic exceeds 
20nm. 

[0030] Here, in the above-mentioned magnetic film which carried out the maximum dense plane 
orientation, if the magnetization direction inclines slightly out of maximum dense each one, He 
will increase rapidly. Therefore, since the magnetization direction may separate out of a field 
(1 1 1) even if it realizes the maximum dense plane orientation if a wave is in a substrate side, He 
has a possibility that it may not fall. For this reason, it is desirable that the surface roughness of 
a substrate is less than 5nm. In addition, in addition to the above-mentioned configuration, the 
magneto-resistive effect element of the 1 st invention may carry out the multiple-times 
laminating of a nonmagnetic membrane and the ferromagnetic by turns. 
[0031] In the 1st invention, when carrying out orientation of at least one sort of elements 
chosen from the group which consists of Co, Fe, and nickel to a film surface perpendicular 
direction, the maximum precise side, for example, the fee phase (111) side, of the ferromagnetic 
used as a principal component, good soft magnetic characteristics are obtained. It sets in a fee 
phase (111) side, and this is the crystal magnetic anisotropy K1. It is because the easy axis for 
which it depended does not appear. Moreover, by controlling the surface roughness of the 
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substrate which forms a ferromagnetic, the magnetization in a ferromagnetic can be saved in 
maximum dense each one t and, thereby, the coercive force accompanying a crystal magnetic 
anisotropy can be reduced. Therefore, better soft magnetic characteristics are obtained. 
Moreover, the high sensitivity magneto-resistive effect element which has both the good soft 
magnetic characteristics coercive force (He) is [ soft magnetic characteristics ] to 100 A/m, the 
high resistance rate of change (**R/R) (for example, a CoFe film **R/R- 10%) exceeding a non- 
orientation film and other orientation (for example, fee phase (100) orientation), and high 
permeability can be obtained by carrying out orientation of the less than 20 degrees of the 
rocking curve half-value width so that it may become 7 degrees or less desirably. 
[0032] In addition, the normal of the main crystal orientation side of a cascade screen may have 
a component within a film surface by fluctuation of a crystal orientation side, the component in 
this film surface may have the anisotropy, or the normal of the plane defect generated in a 
crystalline cascade screen may have the fluctuation into a film surface, and this fluctuation may 
have the anisotropy within the film surface here. The direction where such an anisotropy is 
strong is a direction where a ferromagnetic atom and a nonmagnetic atom tend to be 
intermingled in the atomic plane which carries out film growth. Therefore, it is thought by passing 
sense current in this direction, i.e., the direction in which the anisotropy by the component in a 
film surface becomes the largest, that the probability an electron carries out [ probability ] spin 
dependence dispersion by the interface becomes high. 

[0033] That is, when the crystal orientation side of the ferromagnetic of cascade screen notes 
swings, or a plane defect is introduced, turbulence arises in atomic arrangement and turbulence 
arises in the atomic arrangement within a crystal orientation side, by passing sense current in 
the big direction of the turbulence, an electron will pass many interfaces and ferromagnetics 
equivalent, and the probability by which spin dependence dispersion is carried out becomes high. 
Thus, a magneto-resistive effect element shows bigger resistance rate of change by setting up 
the direction of sense current in the direction which meets in the direction of fluctuation of the 
crystal orientation side of a cascade screen. 

[0034] The 2nd invention is the magneto-resistive effect element which possesses at least a 
ferromagnetic, a nonmagnetic membrane, and the cascade screen to which it comes to carry out 
the laminating of the ferromagnetic one by one on a substrate. One [ at least ] ferromagnetic 
uses as a principal component at least two sorts of elements chosen from the group which 
consists of Co, Fe, and nickel. The magneto-resistive effect element to which at least one 
element chosen from the group which consists of Pd, aluminum, Cu, Ta, In, B, Nb, Hf, Mo, W, Re, 
Ru, Rh, Ga, Zr, Ir, Au, and Ag is characterized by having the presentation by which addition 
content was carried out is offered. 

[0035] In addition to the above-mentioned configuration, the magneto-resistive effect element of 
the 2nd invention may carry out the multiple-times laminating of a nonmagnetic membrane and 
the ferromagnetic by turns. 

[0036] In the 2nd invention, the addition content of an alloying element needs to be a range 
where the intermetallic compound which the ferromagnetism of the ferromagnetic which uses a 
CoFe alloy etc. as a principal component is not spoiled at a room temperature, and checks spin 
dependence dispersion is not generated. For example, when alloying elements are aluminum, Ga, 
and In, it is desirable that a content is less than [ 6.5at% ]. When alloying elements are Nb, Ta, Zr, 
Hf, B, Mo, and W, it is desirable that a content is less than [ 10at% ]. When alloying elements are 
Cu, Pd, Au, Ag, Re, Ru, Rh, and Ir, as for a content, it is desirable that it is less than [ 40at% ]. 
[0037] In the 2nd invention, the high sensitivity magneto-resistive effect element which has the 
good soft magnetic characteristics and 5% or more of **R/R He is [ R/R ] to 100 A/m can be 
obtained by adding an alloying element which was mentioned above. Especially, in addition of 
aluminum, Ta, Zr, Nb, and Hf, soft magnetic characteristics are improved remarkably. In this case, 
although the reason soft magnetic characteristics become good is not clear for the moment, it is 
thought that the effect by reduction of a crystal magnetic anisotropy is also included in addition 
to what is depended on an improvement of crystal orientation. Furthermore, in Pd, Cu, Ag, and 
Au, even if it carries out addition content in large quantities to about 40at%, when an 
intermetallic compound does not generate and a lattice constant becomes large, lattice matching 
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with middle nonmagnetic membranes, such as Cu, becomes good, and increase of spin 
dependence dispersion by the so-called bulk dispersion can be expected. For this reason, in 
addition to an improvement of soft magnetic characteristics, high **R/R is maintainable. 
[0038] The cascade screen which, as for the 3rd invention, comes to form the ferromagnetic of a 
layer (n+1), and the nonmagnetic membrane of n layers by turns on a substrate It is a magneto- 
resistive effect element possessing (however, n shows the integer of 1-4), and the magneto- 
resistive effect element characterized by having adjoined at least one side of the ferromagnetic 
of the maximum upper layer of said cascade screen and the lowest layer, and carrying out 
laminating formation of the ferromagnetic whose resistivity is 50 or more microomegacm further 
is offered. 

[0039] In the 3rd invention, the high resistance ferromagnetics whose resistivity is more than 
SOmicroomegacm may be any of a ferromagnetic or a ferry magnetic film. Moreover, the number 
of laminatings made the ferromagnetic the cascade screen of five or less layers because work of 
the interface of a high resistance ferromagnetic / ferromagnetic would fall relatively and **R/R 
would not improve, if the number of the interfaces of a ferromagnetic/nonmagnetic membrane 
increased. Therefore, the 3rd invention is suitable for the magneto-resistive effect which has the 
film of spin bulb structure. 

[0040] Thus, generating of the magnon in an interface can be controlled by carrying out a 
laminating so that a high resistance ferromagnetic may touch a ferromagnetic. As the result, 
reversal probability of the spin of the electron by the collision with a magnon and an electron can 
be made small, it becomes possible to make the resistance rate of change in a room temperature 
increase by this, and a high sensitivity magneto-resistive effect element can be realized. 
However, current will mainly flow the inside of this high resistance ferromagnetic as the 
resistivity of this high resistance ferromagnetic material is less than 50 microomegacm, and 
resistance rate of change will decrease conversely. If it puts in another way, when resistivity 
uses the ferromagnetic of 50 or more microomegacm, it can prevent that current is taken at a 
high resistance ferromagnetic, and decline in the magnetic-reluctance rate of change by the 
shunt effect will be suppressed. 

[0041] As a material of a high resistance magnetic film, what added elements, such as Ti, V, Cr, 
Mn, Zn, Nb, Tc, Hf, Ta, W, and Re, is mentioned to nickel, Fe, Co, NiFe, NiFeCo, CoFe, Co alloy, 
etc. 

[0042] As for a high resistance ferromagnetic, in the 3rd invention, it is desirable that it is a high 
resistance soft magnetism film. At this time, when an adjoining ferromagnetic and an adjoining 
high resistance soft magnetism film unify, magnetization rotation also of the magnetization of a 
ferromagnetic is similarly carried out with magnetization rotation of a high resistance soft 
magnetism film, for example, the amorphous film which has good soft magnetic characteristics. 
Thereby, the soft magnetic characteristics of a ferromagnetic are improved. 
[0043] The high resistance soft magnetism film of the microcrystal which consists of the high 
resistance amorphous film which consists of CoZrNb etc., FeZrIM, CoZrN, etc. as a high 
resistance soft magnetism film, or the film which consists of a material which is the gap or one 
element chosen from the group which X becomes from Rh, Nb, Zr, Hf, Ta, Re, Ir, Pd, Pt, Cu, Mo, 
Mn, W, Ti, Cr, Au, and Ag in NiFeX can be used, moreover — if contiguity formation of the film 
which consists of a material which has in these the fee phase which consists of an amorphous 
film, CoZrN, NiFeNb, etc. is carried out at the ferromagnetic of the lowest layer, since the fee 
(111) orientation of the ferromagnetic on it will be promoted — more — this — it is desirable. 
[0044] As for the thickness of a high resistance ferromagnetic, it is desirable to be referred to as 
0.5nm or more. This is because the magnetism of the high resistance ferromagnetic itself 
becomes it weak that thickness is less than 0.5nm and it becomes difficult to control generating 
of a magnon. On the other hand, when the soft magnetic characteristics of a high resistance 
ferromagnetic are inferior to the soft magnetic characteristics of the ferromagnetic which adjoins 
it, as for the thickness of a high resistance ferromagnetic, it is desirable that it is 10nm or less. 
This is because it will become difficult to affect the magnetization process of a ferromagnetic 
and to obtain soft magnetic characteristics if thickness exceeds 10nm. 

[0045] The cascade screen which, as for the 4th invention, comes to form the ferromagnetic of a 
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layer (n+1), and the 1st nonmagnetic membrane of n layers by turns on a substrate It is a 
magneto-resistive effect element possessing (however, n shows the integer of 1-4). One [ at 
least ] thickness of the ferromagnetic of the maximum upper layer of said cascade screen and 
the lowest layer is 5nm or less, and the magneto-resistive effect element characterized by for 
this thickness having adjoined the ferromagnetic 5nm or less, and carrying out laminating 
formation of the 2nd nonmagnetic membrane whose resistivity is 2 double less or equal of said 
ferromagnetic further is offered. 

[0046] As for the material of the 2nd nonmagnetic membrane, in the 4th invention, it is desirable 
to have the same crystal structure as the material of an adjoining ferromagnetic. That is, when a 
ferromagnetic consists of a material which has a fee phase, the material which has a fee phase 
also for the 1 st nonmagnetic membrane is used preferably. At this time, it is desirable that the 
difference in the lattice constant between the material of the 2nd nonmagnetic membrane and 
the material of a ferromagnetic is less than 5%. Especially when adjoining and forming the 2nd 
nonmagnetic membrane in the ferromagnetic of the lowest layer, by raising the crystal 
conformation of a ferromagnetic and the 2nd nonmagnetic membrane, it becomes possible to 
carry out epitaxial growth of the ferromagnetic, and, therefore, dispersion of the electron in an 
interface can be controlled. 

[0047] What used as the principal component at least one sort of elements concretely chosen 
from the group which consists of Mn, Fe, nickel, Cu, aluminum, Pd, Pt, Rh, Ir, Au, and Ag as a 
material of the 2nd nonmagnetic membrane can be used. Moreover, a substrate film may be 
made to intervene between a substrate and the 2nd nonmagnetic membrane. 
[0048] As for the crystal of the material which constitutes a ferromagnetic from the 4th 
invention so that crystal growth may not be checked in each ferromagnetic, it is desirable for the 
diameter of crystal grain to be large in the direction of thickness. In addition, since a 
ferromagnetic has a possibility that the number of the interfaces of a ferromagnetic and a 
nonmagnetic membrane may increase, and a spin dependence scattering effect may disappear 
substantially when it exceeds five layers, the number of laminatings of a ferromagnetic is made 
into five or less layers. 

[0049] As for the thickness of the 2nd nonmagnetic membrane, in the 4th invention, it is 
desirable to consider as the range of 0.2-20nm. The probability for the electron which flowed 
that the thickness of the 2nd nonmagnetic membrane was less than 0.2nm in the 2nd 
nonmagnetic membrane to receive inelastic scattering in an interface with a substrate etc. 
increases this. Even if it becomes difficult to develop a mean free path effectively and thickness 
exceeds 20nm conversely, while the effect beyond it is not acquired, it is because it becomes 
difficult for the current which flows only the 2nd nonmagnetic membrane to increase and to 
obtain big resistance rate of change. 

[0050] When applying the magneto-resistive effect element of the 4th invention to a sensor, the 
material of the 2nd nonmagnetic membrane needs to be the plate of 2 double less or equals, 
such as a CoFe alloy which is the material of a ferromagnetic, and it is desirable to have 
resistivity still smaller than a ferromagnetic. It is because the electron which flowed into the 2nd 
nonmagnetic membrane can receive dispersion, an effective mean free path cannot be kept long 
and increase of resistance rate of change cannot be desired, if this has the more remarkably 
[ than the resistivity of a ferromagnetic ] large resistivity of the 2nd nonmagnetic membrane. 
Moreover, as for the material of the 2nd nonmagnetic membrane, it is desirable for the resistivity 
to be 1/4 or more [ of the resistivity of a ferromagnetic ]. This is because current becomes it 
easy to flow only to the 2nd nonmagnetic membrane that the resistivity of the 2nd nonmagnetic 
membrane material is less than [ of the resistivity of a ferromagnetic ] 1/4. 
[0051] Even if such the 4th invention makes thickness of this ferromagnetic thin with 5nm or 
less by adjoining one [ at least ] ferromagnetic and carrying out the laminating of the 2nd 
nonmagnetic membrane, it uses that an effective electronic mean free path can be kept long. For 
example, in the film of spin bulb structure, if thickness of a ferromagnetic is made thin, specific 
resistance will become large and resistance rate of change will decrease. Then, a ferromagnetic 
can be made thin, being able to flow now into the 2nd nonmagnetic membrane and keeping an 
effective mean free path long, while making the ferromagnetic thin without an electron receiving 
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inelastic scattering in the ferromagnetic surface by carrying out the laminating of the 2nd 
nonmagnetic membrane in contact with the ferromagnetic made thin. In order to acquire the 
operation more than this time, the number of laminatings of a ferromagnetic needs to be five or 
less layers. 

[0052] As mentioned above, even when the thickness of the ferromagnetic which causes a 
usually remarkable reduction of resistance rate of change in the 4th invention by carrying out 
the laminating of the 2nd nonmagnetic membrane in contact with a ferromagnetic is 5nm or less, 
a magneto-resistive effect element with big resistance rate of change is obtained. And it 
becomes possible to suppress generating of a Barkhausen noise, without being able to control 
magnetic domain wall generating by the anti-magnetic field, and therefore the detection 
sensitivity of a signal magnetic field falling, even if it processes a ferromagnetic into a detailed 
configuration by having made thickness of a ferromagnetic thin with 5nm or less corresponding 
to high density magnetic-recording playback of the ** width of recording track. Consequently, 
the there are few noises and high sensitivity noises magneto-resistive effect element suitable 
for playback of high density record is realizable. 

[0053] In addition, the magneto-resistive effect element of the 4th invention may have any of 
the film of spin bulb structure, and an artificial grid film. However, about a spin bulb mold 
magneto-resistive effect element, it is desirable that magnetization adjoins the ferromagnetic 
which has not fixed with an antiferromagnetism film etc., and carries out laminating formation of 
the 2nd ferromagnetic. 

[0054] The 5th invention offers at least the magneto-resistive effect element which is a 
magneto-resistive effect element possessing a ferromagnetic, a nonmagnetic membrane, and the 
cascade screen to which it comes to carry out the laminating of the ferromagnetic one by one, 
and is characterized by carrying out laminating formation of the thin film which adjoins at least 
one side of the ferromagnetic of the maximum upper layer of said cascade screen, and the 
lowest layer, and has larger resistivity than this ferromagnetic and a long mean free path further 
on a substrate. 

[0055] the 5th invention — setting — as the material of a thin film — semimetals, such as Bi, 
Sb, and carbon, and high concentration — doping — carrying out — a degenerate 
semiconductor, Sn02, and Ti02 etc. — an oxide semiconductor etc. is mentioned. Moreover, as 
for the thickness of a thin film, it is desirable to consider as the range of 1-50nm. This is 
because it becomes difficult for the current which flows only a thin film to increase and to obtain 
big resistance rate of change while the enhancement effect of an electronic mean free path is 
not fully obtained as the thickness of a thin film is less than Inm, and the effect beyond it is not 
acquired, even if thickness exceeds 50nm. Furthermore, current mainly flows the inside of the 
thin film concerned, and since a magneto-resistive effect becomes small at reverse, it is made 
for a thin film to have larger resistivity than a ferromagnetic, when the resistivity of a thin film is 
smaller than the resistivity of a ferromagnetic. 

[0056] in addition, the 5th invention — being, a mean free path means the distance of the 
average which an electron moves, without being scattered on other objects. 
[0057] In the 5th invention, as for the thickness of a ferromagnetic, it is desirable to be referred 
to as 5nm or less by the same reason as the 4th invention, when touching a thin film, and in 
order to secure a mean free path, as for the ferromagnetic which does not touch a thin film, it is 
desirable to consider as the range of 2-20nm. 

[0058] Such the 5th invention uses that the effective mean free path of the whole cascade 
screen can be lengthened, when one [ at least ] ferromagnetic is touched and a mean free path 
carries out the laminating of the long thin film. For example, the following things are known as a 
physical device of the magneto-resistive effect in a spin bulb mold cascade screen. That is, by 
the spin bulb mold cascade screen, when the direction of the magnetization between two 
ferromagnetics is mutually parallel, conduction electron with one of the spin of spin parallel to 
magnetization or the spin of anti-parallel [ magnetization ] can have a long mean free path now 
by the whole film, and resistivity low as a whole is shown, on the other hand, the directions of 
the magnetization between two ferromagnetics are anti-parallel mutually — occasionally, the 
long conduction electron of a mean free path stops existing by the whole film, and resistivity 
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becomes high. The magneto-resistive effect in a spin bulb mold cascade screen is decided by 

the difference of the length of the mean free path in these two conditions. 

[0059] furthermore, the electron which had parallel spin to magnetization in the interior of a 

ferromagnetic — anti by the electron with spin [ **** ], it is known that the mean free 

paths differ and the direction in which the electron of the spin direction which has a long mean 
free path inside a ferromagnetic from the cause mentioned above has a longer mean free path 
can enlarge the magneto-resistive effect of a spin bulb mold cascade screen. Then, in the 5th 
invention, when a mean free path carries out the laminating of the thin film longer than a 
ferromagnetic, it makes it possible to lengthen an effective electronic mean free path and to 
enlarge a magneto-resistive effect more. However, if the specific resistance of the above- 
mentioned thin film is smaller than a ferromagnetic, the inside of the thin film in which current 
mainly carried out the laminating will be flowed, and a magneto-resistive effect will become small 
at reverse. Therefore, while the component of the above-mentioned thin film has a long mean 
free path, it is necessary to have the resistivity more than the resistivity of a ferromagnetic. 
[0060] Moreover, while using a material with large resistivity as a thin film with the above- 
mentioned long mean free path, it becomes possible to make the resistivity as the whole cascade 
screen increase by making thin thickness of the ferromagnetic which touches it. The cascade 
screen which had high resistivity by this is obtained, and a big signal level can be taken out by 
low current density also in a detailed pattern. Therefore, it becomes possible to avoid problems, 
such as pyrexia and migration. 

[0061] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
effect element of the 5th invention may carry out the multiple-times laminating of a nonmagnetic 
membrane and the ferromagnetic by turns. 

[0062] The 6th invention offers the magneto-resistive effect element characterized by coming 
further to carry out laminating formation of the substrate film which a ferromagnetic, a 
nonmagnetic membrane, and a ferromagnetic are the magneto-resistive effect elements 
possessing the cascade screen which comes to carry out a laminating one by one, the 
ferromagnetic of the lowest layer of said cascade screen consists of a CoFe alloy, adjoins at 
least on a substrate at this ferromagnetic, and has a fee phase with a larger lattice constant 
than a CoFe alloy. 

[0063] In the 6th invention, when the ferromagnetic formed on the substrate film which has a fee 
phase with a large lattice constant consists of a CoFe alloy, low [ He ] is realized, and it 
becomes remarkable about especially the ferromagnetic that consists of Co100-x Fex (5<=x<=40 
atom %) improving soft magnetic characteristics. This is because a bec phase will mix and a grid 
mismatch will happen, if a hep phase mixes that Fe concentration is under pentatomic % and Fe 
concentration exceeds 40 atom % conversely. Moreover, as other elements which can be added 
to CoFe, Pd, aluminum, Cu, Ta, In, B, Zr, Nb, Hf, Mo, nickel, W, Re, Ru, Ir, Rh, Ga, Au, and Ag can 
be mentioned, and also when addition content of these elements is carried out, same He 
reduction is realized. 

[0064] Although it will not be limited as a substrate film if a lattice constant is a larger material 
than CoFe in a fee phase, it is [ in / the 6th invention ] desirable to use the material which has 
larger resistivity than the CoFr alloy which constitutes a ferromagnetic. Specifically, Cu, Pd, 
aluminum, etc. can use the alloy which makes nickel and these a principal component, or the 
ferromagnetic material which has a fee phase. As for the thickness of this substrate film, it is 
desirable to be able to reduce He, if it is one or more atomic layers, and to be referred to as 100 
morenm or less. However, since it becomes easy to shunt sense current toward a substrate film 
when a material with low resistivity, such as Cu, is used for a substrate film, it is desirable that 
thickness is especially 2nm or less. Moreover, between a substrate and a substrate film, it is 
desirable that the film for a smooth nature improvement is formed, and the film which consists of 
Cr, Ta, Zr, Ti, etc. as a film for a smooth nature improvement can be used for it. 
[0065] Co100~x Fex which is a ferromagnetic on the substrate film which consists of a material 
which is a fee phase and has a larger lattice constant than the material of a ferromagnetic by 6th 
invention When a film (x< 0<100 atom %) is formed, a moderate lattice strain is guided to a CoFe 
film, as a result, He falls sharply, and good soft magnetic characteristics are shown. In addition, 
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this lattice strain is easily controllable by adjusting the thickness of not only the class of 
substrate film but a ferromagnetic, the thickness of a substrate film, etc. Therefore, if sequential 
formation of the ferromagnetic which has spin dependence scattering power force, such as 
nonmagnetic membranes, such as Cu, and a CoFe film, on this ferromagnetic, and the 
antiferromagnetism film is carried out, it will become the high sensitivity magneto-resistive effect 
element which produces a big resistance change by few signal magnetic fields. Here, when the 
resistivity of the substrate film formed on a substrate is larger than a ferromagnetic, splitting of 
the sense current to this substrate film can be controlled, and high resistance rate of change is 
shown. Furthermore, in order that this substrate film may not carry out film growth at the shape 
of a layer, when the smooth nature in a field side deteriorates and resistance rate of change 
falls, high resistance rate of change can be realized by making it intervene between substrate 
films and substrates which mentioned above another substrate film which has the work which 
carries out film growth in the shape of a layer. 

[0066] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
effect element of the 6th invention may carry out the multiple-times laminating of a nonmagnetic 
membrane and the ferromagnetic by turns. 

[0067] The 7th invention is the magneto-resistive effect element which possesses at least a 
ferromagnetic, the 1st nonmagnetic membrane, and the cascade screen to which it comes to 
carry out the laminating of the ferromagnetic one by one on a substrate. The 2nd nonmagnetic 
membrane and ferromagnetic which have thickness which adjoins said 1 st nonmagnetic 
membrane of one [ at least ] ferromagnetic and the principal plane of the opposite side, and is 
different from the 1st nonmagnetic membrane are formed by turns. The magneto-resistive effect 
element characterized by combining mutually magnetization of each ferromagnetic within the unit 
cascade screen which consists of these ferromagnetic and 2nd ferromagnetic in ferromagnetism 
is offered. 

[0068] In the 7th invention, contiguity formation of the 2nd nonmagnetic membrane and 
ferromagnetic may be carried out at least to the ferromagnetic of the both sides formed on both 
sides of the 1st nonmagnetic membrane, and you may be the ferromagnetic of a monolayer about 
one side of the 1 st nonmagnetic membrane. Moreover, it is also possible to adjoin the 1 st 
nonmagnetic membrane of a ferromagnetic and the principal plane of the opposite side, to form 
the two or more periods of the 2nd nonmagnetic membrane and ferromagnetic by turns, and to 
constitute an unit cascade screen. As for the thickness of the 2nd nonmagnetic membrane in an 
unit cascade screen, it is desirable that it is 2nm or less here, and it is desirable that it is the 
thickness of the degree to which the ferromagnetic which approaches still more nearly mutually 
does not carry out RKKY antiferromagnetism association. This is for maintaining magnetization of 
each ferromagnetic in the inside of an unit cascade screen at the ferromagnetic-like integrated 
state. For example, the material of a ferromagnetic is CoFe, and when the material of the 2nd 
nonmagnetic membrane is Cu, the thickness of the 2nd nonmagnetic membrane is set up so that 
it may not be about 1 nm. 

[0069] Moreover, as for a ferromagnetic and the 2nd nonmagnetic membrane, it is desirable to 
maintain lattice matching and to grow up, i.e., for lattice matching of a ferromagnetic and the 2nd 
nonmagnetic membrane to be carried out, and for there to be no excessive dispersion in both 
interface. Thereby, the increment in resistance can be prevented. 

[0070] In the 7th invention, soft magnetic characteristics are good, the adjustment of a grid is 
good, since it is combined in ferromagnetism, compared with an antiferromagnetism integrated 
state, the unit cascade screen which consists of a ferromagnetic and the 2nd nonmagnetic 
membrane has small resistance, and there are many interfaces of the ferromagnetic and 
nonmagnetic membrane which produce spin dependence dispersion. For this reason, the 
resistance rate-of-change increase by the so-called bulk dispersion in an unit cascade screen is 
expectable. Therefore, the artificial grid film using this unit cascade screen as a ferromagnetic 
unit and the film of spin bulb structure have good soft magnetic characteristics, and show the 
high resistance rate of change resulting from spin dependence dispersion. Consequently, a high 
sensitivity magneto-resistive effect element is obtained. 

[0071] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
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effect element of the 7th invention may carry out the multiple-times laminating of the 1 st 
nonmagnetic membrane, unit cascade screen, or ferromagnetic by turns. Moreover, the magneto- 
resistive effect element of the 7th invention may have any of the film of spin bulb structure, and 
an artificial grid film. 

[0072] The 8th invention is the magneto-resistive effect element which possesses at least a 
ferromagnetic, a nonmagnetic membrane, and the cascade screen to which it comes to carry out 
the laminating of the ferromagnetic one by one on a substrate. It has the bias film formed in said 
cascade screen by adjoining or approaching as a bias magnetic field impression means to one 
[ at least ] ferromagnetic. And the bias magnetic field of the direction where the component of 
the truck cross direction serves as anti-parallel mutually, respectively is impressed to said two 
ferromagnetics, and the magneto-resistive effect element characterized by magnetization of said 
two ferromagnetics rotating to hard flow mutually by the signal magnetic field is offered. 
[0073] As a method of impressing a bias magnetic field which magnetization of two 
ferromagnetics rotates reversely mutually by the signal magnetic field in the 8th invention The 
method, the method more specifically using the switched connection from an antiferromagnetism 
film of adjoining or approaching a cascade screen and forming a bias film, The method using a 
hard magnetic film, the method of using the exchange bias produced by carrying out the 
laminating of the new ferromagnetic to the ferromagnetic which has the spin dependence 
scattering power force, etc., The bias magnetic field furthermore generated according to sense 
current and the method of using magnetostatic association (anti-magnetic field) emitted at the 
time of detailed pattern processing are adopted. However, a bias film which was mentioned above 
to one [ at least ] ferromagnetic is formed, and a bias magnetic field is impressed. Two 
ferromagnetics are adjoined, the laminating of the antiferromagnetism film is specifically carried 
out, respectively, and each ferromagnetic is magnetized so that the 180 degrees of the 
directions of a bias magnetic field may differ between adjacent ferromagnetics using this 
antiferromagnetism film. The magnetization in this case can be attained by changing 180 degrees 
of directions which add a static magnetic field at the time of membrane formation of a 
ferromagnetic and an antiferromagnetism film etc. As for the bias magnetic field added to an 
adjacent ferromagnetic here, it is desirable to single-domain-izing of a ferromagnetic that it is 
the less than magnitude of the necessity minimum, for example, 5 kA/m. Moreover, in order to 
impress the bias magnetic field of a mutually different direction to two ferromagnetics easily, as 
for both the antiferromagnetism film, it is desirable to have a Neel point different, respectively. 
[0074] Or there is also a method shown below. The exchange bias magnetic field by the 
laminating with an antiferromagnetism film is used for bias magnetic field impression to one 
ferromagnetic. On the other hand, the magnetostatic joint magnetic field (anti-magnetic field) 
generated when it is processed into a detailed pattern from the new ferromagnetic by which 
adjoined said ferromagnetic of an antiferromagnetism film and the principal plane of the opposite 
side, carried out the laminating of the new ferromagnetic, and magnetization fixing was carried 
out with the antiferromagnetism film is used for bias magnetic field impression to another 
ferromagnetic. In addition, as for this new ferromagnetic, it is desirable to consider as the two- 
layer structure which carried out the laminating so that ferromagnetic switched connection of 
another ferromagnetics B (for example, an amorphous ferromagnetic, nitriding or a carbonization 
microcrystal ferromagnetic of Co system, etc.) suitable for generating a magnetostatic joint 
magnetic field further with the ferromagnetic A suitable for exchange bias being added 
sequentially from the side which touches an antiferromagnetism film (for example, crystalline 
good films, such as NiFe and CoFe) might be carried out. With this two-layer structure, 
magnetostatic joint bias magnetic field strength and the so-called shunt bias (operating point 
bias) which generates Ferromagnetic B when a part of sense current flows can be adjusted by 
adjusting so that Bs may be low and resistance may become high about Bs and the resistance of 
a ferromagnetic according to the thickness of Ferromagnetic B, presentation adjustment, 
production conditions, etc. In addition, when a ferromagnetic consists of NiFe which has an 
anisotropy magneto-resistive effect, it is desirable to pass sense current in the direction of a 
signal magnetic field and the direction which intersects perpendicularly. That is, by the method 
which passes sense current in the direction which intersects perpendicularly with a signal 
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magnetic field, since it is superimposed on the usual anisotropy magneto-resistive effect which 
cannot be disregarded when a NiFe film etc. is used, and the resistance change by spin 
dependence dispersion, deltaR/R increases. 

[0075] Moreover, although it sometimes becomes with a problem that that bias magnetic field is 
too large in impressing a bias magnetic field to a ferromagnetic using an antiferromagnetism film, 
this big bias magnetic field can be reduced by making the cascade screen of the ferromagnetic 
and nonmagnetic membrane which made the antiferromagnetism film side the ferromagnetic 
intervene between an antiferromagnetism film and a ferromagnetic etc. 

[0076] In the 8th invention which was mentioned above, the magnetization between adjacent 
ferromagnetics changes with signal magnetic fields from an anti-parallel-condition to a parallel- 
condition steeply. Furthermore, the bias magnetic field from an antiferromagnetism film required 
in order to make anti-parallel the magnetization direction in the case of the signal magnetic field 
zero of both ferromagnetics etc. is controlled by the minimum required for Barkhausen noise 
control. For this reason, even when a signal magnetic field is added to the difficult shaft 
orientations suitable for the magnetic head (a RF property has advantages, such as fitness), the 
magnetization between both ferromagnetics changes with magnetization rotations of both 
ferromagnetics in the magnetic field range comparatively low to 0-1 80 degrees. Therefore, a 
comparatively low magnetic field range shows big resistance rate of change comparable as easy 
shaft orientations. In addition, in the 8th invention, if it is not necessary to necessarily consider 
mutually the direction of the bias magnetic field impressed to two ferromagnetics as anti-parallel 
and it is put in another way, the angle of the magnetization direction of both ferromagnetics and 
the direction of a signal magnetic field of [ in the case of signal magnetic field zero ] to make 
does not need to be set as +90 degrees and -90 degrees, respectively. It is desirable to 
specifically be set as within the limits whose angles of the magnetization direction of both the 
ferromagnetics in the case of signal magnetic field zero and a signal magnetic field to make are 
+30 degrees - 60 degrees and -30 degrees - 60 degrees, respectively. This reason is that 
operating point bias becomes unnecessary by leaning the magnetization direction of both the 
ferromagnetics in the case of signal magnetic field zero so that it may become within the limits 
which the angle with a signal magnetic field to make mentioned above from the anti-parallel 
condition. 

[0077] Furthermore, although it is desirable to make thickness of a nonmagnetic membrane thin 
as much as possible since resistance rate of change will increase exponentially with the 
conventional spin bulb mold magneto-resistive effect element if the thickness of a nonmagnetic 
membrane becomes thin, in fact, if the thickness of a nonmagnetic membrane is set to less than 
2nm, ferromagnetic-like association between vertical ferromagnetics will become strong, and 
there is a trouble that it becomes impossible to realize an antiferromagnetism-magnetization 
array and resistance rate of change falls sharply. However, in the 8th invention which adds a bias 
magnetic field to both ferromagnetics, since an antiferromagnetism-magnetization array is 
realizable with adjustment of anti-parallel bias magnetic field strength even if the thickness of a 
nonmagnetic membrane is set to less than 2nm, fast increase of resistance rate of change is 
expectable. 

[0078] Moreover, since a bias magnetic field is added to two ferromagnetics, a magnetic domain 
wall disappears from all ferromagnetics, and a Barkhausen noise can be controlled. 
[0079] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
effect element of the 8th invention may carry out the multiple-times laminating of a nonmagnetic 
membrane and the ferromagnetic by turns. 

[0080] The 9th invention is the magneto-resistive effect element which possesses at least a 
ferromagnetic, a nonmagnetic membrane, and the cascade screen to which it comes to carry out 
the laminating of the ferromagnetic one by one on a substrate. The magnetization fixing film with 
which the magnetization direction is substantially held even if, as for said two ferromagnetics, a 
signal magnetic field is impressed, respectively, And the magneto-resistive effect element 
characterized by becoming the magnetic field detection film which magnetization changes with 
signal magnetic fields and detects a signal magnetic field, and for the magnetization direction of 
said two ferromagnetics in the case of signal magnetic field zero carrying out the abbreviation 
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rectangular cross mutually, and energizing sense current in the direction of a signal magnetic 
field is offered. 

[0081] In the 9th invention, the method of carrying out a laminating as a method of making 
magnetization of a magnetization fixing film fixing, so that switched connection of the 
antiferromagnetism film may be carried out to a magnetization fixing film, the method of attaining 
high Hc-ization of a magnetization fixing film, and the method of carrying out the laminating of 
the ferromagnetic which has high [ He ] to a magnetization fixing film are mentioned. Moreover, 
the method of giving switched-connection bias for example, with a weak 5 or less kA/m degree 
etc. is mentioned in the method of giving the easy axis of a magnetic field detection film as a 
method of making the magnetization direction of a magnetization fixing film and a magnetic field 
detection film in the case of signal magnetic field zero intersecting perpendicularly mutually so 
that it may intersect perpendicularly with magnetization of a magnetization fixing film, and the 
direction which adjoin or approach a magnetic field detection film, form a bias film, and intersect 
perpendicularly with magnetization of a magnetization fixing film. In addition, even when a 
magnetic field detection film consists of CoFe which has a big bias magnetic field especially 
according to the latter method, by giving the easy axis of a magnetic field detection film in 
magnetization of a magnetization fixing film, and the abbreviation same direction, and giving the 
switched-connection bias exceeding the anisotropy field of CoFe a little to the film-surface 
inboard which intersects perpendicularly with this easy axis, the magnetic anisotropy of a 
magnetic field detection film can be reduced, and it becomes possible to obtain big resistance 
rate of change in a magnetic field range low as a result. 

[0082] If the angle which magnetization of a magnetization fixing film and a signal magnetic field 
detection film makes in the condition of the signal magnetic field 0 is set as about 90 degrees in 
the 9th invention for example, when magnetization of a magnetization fixing film is suitable in the 
direction of a positive signal magnetic field Since the angle which the magnetization between the 
ferromagnetics which adjoin each other in a positive signal magnetic field makes becomes in 
ferromagnetism, resistance fells, and since the angle which the magnetization between the 
ferromagnetics which adjoin reverse by the negative signal magnetic field makes becomes in 
antiferromagnetism, resistance goes up. That is, operating point bias becomes unnecessary. 
[0083] Furthermore, magnetization of a magnetic field detection film inclines by energizing sense 
current in the direction of a signal magnetic field towards the direction which intersects 
perpendicularly with a signal magnetic field by the current magnetic field. Therefore, a 
Barkhausen noise can be controlled for the current magnetic field which joins a magnetic field 
detection film. Moreover, since there is a current magnetic field in this case, in a magnetic field 
detection film, an easy axis is not necessarily needed. 

[0084] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
effect element of the 9th invention may carry out the multiple-times laminating of a nonmagnetic 
membrane and the ferromagnetic by turns. 

[0085] The 10th invention is the magneto-resistive effect element which possesses at least a 
ferromagnetic, a nonmagnetic membrane, and the cascade screen to which it comes to carry out 
the laminating of the ferromagnetic one by one on a substrate. The magnetization fixing film with 
which the magnetization direction is substantially held even if, as for said two ferromagnetics, a 
signal magnetic field is impressed, respectively, And the magneto-resistive effect element to 
which the angle theta which serves as a magnetic field detection film which the magnetization 
direction changes with signal magnetic fields, and detects a signal magnetic field, and the 
magnetization direction of said two ferromagnetics in the case of signal magnetic field zero 
makes is characterized by 30-degree or more being 60 degrees or less is offered. 
[0086] In the 10th invention, there is the method of using as a high coercive force film the 
ferromagnetic used as the method of using the exchange bias produced by carrying out the 
laminating of the antiferromagnetism film to a magnetization fixing film like the 9th invention as a 
method of making magnetization of a magnetization fixing film fixing, or a magnetization fixing film 
etc. Moreover, as a bias magnetic field impression means to a magnetic field detection film, the 
current magnetic field from magnetostatic bias and sense current generated from the 
ferromagnetic which adjoined or approached and was formed in the bias magnetic field from the 
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hard magnetic film which adjoined or approached and was formed in the easy axis of a magnetic 
field detection film and the magnetic field detection film, and said antiferromagnetism film can be 
used. In addition, in order to use the current magnetic field from sense current, it is required for 
the almost same direction as a signal magnetic field to energize sense current. However, it is 
desirable to energize sense current in the direction which intersects perpendicularly with a signal 
magnetic field so that it may be added in the direction as the magnetization direction of a 
magnetization fixing film where the current magnetic field from sense current is almost the same 
from a viewpoint which makes magnetization fix stably in a magnetization fixing film. 
[0087] In the 10th invention, since the angle theta of the magnetization fixing film and magnetic 
field detection film in the case of signal magnetic field zero to make was set as less than 30-60 
degrees, Barkhausen noise removal can be performed by the leakage magnetic field from a 
magnetization fixing film, making operating point bias unnecessary. The angle theta of a 
magnetization fixing film and a magnetic field detection film which were mentioned above by the 
10th invention to make was set as 30 degrees - 60 degrees because there was a possibility that 
Barkhausen noise removal cannot fully be performed when a linearity response magnetic field 
range [ as opposed to / that angle theta is less than 30 degrees / a signal magnetic field ] 
exceeds narrowing and 60 degrees. 

[0088] Here, in passing sense current in the direction which intersects perpendicularly with a 
signal magnetic field, the direction of the ferromagnetic-like joint magnetic field between two 
ferromagnetics and the direction of a current magnetic field are on the same shaft. 
Consequently, if sense current is passed so that the ferromagnetic-like joint direction and this 
direction of a current magnetic field of [ between the adjacent ferromagnetics which cause a 
permeability fall ] may turn into the abbreviation same direction, since it will rotate in the 
magnetization direction of a ferromagnetic in which magnetization fixing of the magnetization 
direction of the ferromagnetic by which magnetization fixing is not carried out is carried out in 
this case, the angle of magnetization of both ferromagnetics to make decreases. Consequently, 
even if it uses the material in which an anisotropy magneto-resistive effect is shown as a 
ferromagnetic, it is superimposed on the resistance change by the anisotropy magneto-resistive 
effect and spin dependence dispersion, and increase of sensitivity can be expected. On the 
contrary, if sense current is passed so that the ferromagnetic-like joint direction and the 
direction of a current magnetic field may turn into hard flow, since the angle which both 
ferromagnetics make will increase in this case, the linearity ****** range to a signal magnetic 
field is expandable. Therefore, it is desirable to choose the energization direction of sense 
current suitably according to the material of a ferromagnetic etc. 

[0089] In addition, in addition to the above-mentioned configuration, the magneto-resistive 
effect element of the 10th invention may carry out the multiple-times laminating of a 
nonmagnetic membrane and the ferromagnetic by turns. 

[0090] The 11th invention offers at least the magneto-resistive effect element which is a 
magneto-resistive effect element for which a ferromagnetic, a nonmagnetic membrane, and a 
ferromagnetic possess the cascade screen which comes to carry out a laminating one by one, 
and is characterized by having a bias film more than two-layer [ by which laminating formation 
was carried out by adjoining or approaching at said cascade screen ] as a bias magnetic field 
impression means to said two ferromagnetics on a substrate. 

[0091] In the 1 1th invention, a bias film may be formed, respectively between the ferromagnetic 
of the lowest layer, and the substrate on the ferromagnetic of the maximum upper layer of a 
cascade screen, may be formed more than two-layer on the ferromagnetic of the maximum 
upper layer of a cascade screen, and may be formed more than two-layer between the 
ferromagnetic of the lowest layer, and a substrate. 

[0092] In the 1 1th invention, an antiferromagnetism film or a ferromagnetic can be mentioned as 
said bias film, and the current magnetic field from sense current etc. is impressed to the 
switched connection magnetic field from such an antiferromagnetism film, the switched 
connection magnetic field from a ferromagnetic or a magnetostatic joint magnetic field, and a pan 
as a bias magnetic field at the ferromagnetic in a cascade screen. In addition, when generating a 
switched connection magnetic field from the ferromagnetic as a bias film, the film which reduces 
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exchange bias between the ferromagnetic of a cascade screen and the ferromagnetic as a bias 
film may be arranged, or the ferromagnetic as the bias film may be directly formed on the 
ferromagnetic of a cascade screen here. However, in the case of the former, it is desirable that 
the uniaxial anisotropy magnetic field Hk of a bias film is larger than the uniaxial anisotropy 
magnetic field Hk of the ferromagnetic of a cascade screen, and it is desirable that the coercive 
force He of a bias film is larger than the coercive force He of the ferromagnetic of a cascade 
screen. 

[0093] It is desirable to add a bias magnetic field to which the magnetization does not move by 
the signal magnetic field substantially to one of the ferromagnetics of the maximum upper layer 
or the lowest layer in the 1 1th invention, to add the bias magnetic field which considers as a 
magnetization fixing film, can detect a signal magnetic field to another side, and can remove a 
Barkhausen noise, and to consider as a magnetic field detection film. The laminating of an 
antiferromagnetism film is suitable for bias magnetic field impression to the magnetization fixing; 
film at this time. Moreover, the laminating of a ferromagnetic or an antiferromagnetism film is 
suitable for bias magnetic field impression to a magnetic field detection film. Here, the film which 
has high uniaxial magnetic anisotropy, such as a soft magnetism film of high resistance with 
which it was single-domain-ized by some methods, such as Co system amorphous film which 
heat-treated in rotating magnetic field, and the magnetization direction was equal to the one 
direction, and an amorphous film of a Co [ which heat-treated in the static magnetic field ], or 
CoFe system, or a high coercive force film fits the ferromagnetic as a bias film, moreover, high 
[ which was single-domain-ized even if it formed the ferromagnetic used as a bias film more 
broadly than other films and carried out the laminating of a hard magnetic film or the 
antiferromagnetism film to the edge section ] — a soft magnetism film [ **** ] is realizable. 
[0094] In the 1 1th invention, by adjoining or approaching a cascade screen which mentioned the 
two-layer bias film above at least, and carrying out laminating formation further, in order to 
remove a Barkhausen noise for a strong bias magnetic field which enables magnetization fixing to 
a specific ferromagnetic to other specific ferromagnetics, it becomes possible to add a 
necessary minimum bias magnetic field. At this time, there is an advantage which the multilayers 
which include a bias film by continuation membrane formation put in block can produce easily in 
a short time compared with the case where form only a magnetic field detection film more 
broadly than other magnetization fixing films etc., for example, and the laminating of the bias film 
is carried out to that edge section, by the 11th invention by which laminating formation of the 
bias film more than two-layer is carried out. This is based on it being very difficult for thickness 
to leave only the edge section of the magnetic field detection film which is about 1-20nm, to 
remove the edge sections, such as other magnetization fixing films, and to form only a magnetic 
field detection film broadly. 

[0095] Furthermore, if the bias magnetic field impressed to a ferromagnetic with a here two- 
layer bias film is made to intersect perpendicularly, the angle which the magnetization direction 
of the magnetization fixing film in the case of signal magnetic field zero and a magnetic field 
detection film makes like the 9th invention will become about 90 degrees, and operating point 
bias will become unnecessary. Moreover, the bias magnetic field which joins a magnetic field 
detection film can remove a Barkhausen noise, and the magnitude of a bias magnetic field can 
control by adjustment of the interface of the magnetic anisotropy of a bias film, thickness or a 
cascade screen, and a bias film easily. And if it impresses in the direction and the abbreviation 
rectangular cross direction of an easy axis of a ferromagnetic by the bias magnetic field, 
membranous permeability can be raised also about the ferromagnetic which consists of a Co 
system material in which high Hk is shown. 

[0096] Moreover, the 11th invention is preferably applicable also to the magneto-resistive effect 
element from which the cascade screen in which it comes to form the ferromagnetic of three 
layers and a two-layer nonmagnetic membrane by turns is provided on a substrate, the 
ferromagnetic of the maximum upper layer and the lowest layer turns into a magnetization fixing 
film, and the ferromagnetic of the center where permeability is high turns into a magnetic field 
detection film. 

[0097] Since magnetization has fixed the ferromagnetic of the maximum upper layer, and the 
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ferromagnetic of the lowest layer in such a magneto-resistive effect element by the bias film 
more than two-layer [ by which adjoined or approached low permeability, i.e., a cascade screen, 
and laminating formation was carried out further ], change of the magnetization direction over a 
signal magnetic field is slight. On the other hand, since a central ferromagnetic has high 
permeability, it produces big magnetization rotation by few magnetic fields. Consequently, the 
angle which magnetization of the ferromagnetic of the maximum upper layer and the 
ferromagnetic of the lowest layer and magnetization of a central ferromagnetic make changes 
with signal magnetic fields sharply. Moreover, the number of interfaces which produces spin 
dependence dispersion compared with the film of the conventional spin bulb structure increases 
twice [ at least ]. For this reason, a big resistance change is obtained by few magnetic fields. 
[0098] In addition, since deltaR/R falls sharply since an antiferromagnetism film has high 
resistivity, but an antiferromagnetism film can be arranged besides a spin dependence dispersion 
unit when fixing magnetization of the ferromagnetic of the maximum upper layer and the lowest 
layer if magnetization of a central ferromagnetic is fixed with bias films, such as an 
antiferromagnetism film, and permeability is reduced, magnetization fixing is attained, without 
reducing deltaR/R. 

[0099] Furthermore, since the ferromagnetic of high permeability exists near the center of the 
cascade screen of spin bulb structure, the problem by which the magnetization array of a 
ferromagnetic which the current magnetic field from sense current becomes weak, consequently 
serves as a magnetic field detection film by the current magnetic field is disturbed is also 
avoidable. 

[0100] The 12th invention offers the magneto-resistive effect element characterized by 
providing the high coercive force film with which a hexagonal C shaft exists in a film surface on a 
substrate, and the ferromagnetic which has coercive force lower than said high coercive force 
film. 

[0101] In the 12th invention, the usual high coercive force film can control forming a low 
coercive force film into high coercive force by strong magnetostatic association by the crystal 
magnetic anisotropy of a film surface perpendicular direction. Thereby, when this high coercive 
force film is used as the magnetization fixing film in the film of spin bulb structure, the soft 
magnetic characteristics of the magnetic field detection film which detects a signal magnetic 
field are not degraded. Moreover, the parallel condition of magnetization and an anti-parallel 
condition are efficiently realizable, and since nonmagnetic membrane thickness in a cascade 
screen can be further made remarkably thin, resistance rate of change can be increased. In 
addition, the multiple-times laminating of the high coercive force film and nonmagnetic 
membrane as a magnetization fixing film may be carried out by turns here. 
[0102] Furthermore, since the single crystal's high coercive force film has low electric 
resistance, even when it considers as a cascade screen with a low coercive force film, it cannot 
influence spin dependence dispersion but can increase an output. Furthermore, since this single 
crystals of the high coercive force film has a high crystal magnetic anisotropy, it has high 
permeability (it is hard to move magnetization), and its effect of magnetization fixing is large. 
[0103] Moreover, in the 12th invention, a high coercive force film may be used as a bias film for 
impressing a bias magnetic field to a ferromagnetic. Also when it uses as a bias film for making 
magnetization of a magnetization fixing film fix at this time, for example, a high coercive force 
film, the soft magnetic characteristics of the magnetic field detection film which detects a signal 
magnetic field are not degraded. Furthermore, this high coercive force film can be used also as a 
bias film which makes the back-coupling condition of magnetization, when there are no bias film 
and signal magnetic field for the cure against a Barkhausen noise, and it can also give both 
functions to coincidence. Furthermore, the 12th invention is applicable not only to the magneto- 
resistive effect element possessing the cascade screen which comes to form a ferromagnetic 
and a nonmagnetic membrane by turns on a substrate but the magneto-resistive effect element 
using anisotropy magneto-resistive effects, such as a NiFe alloy. 
[0104] Hereafter, the example of this invention is explained concretely. 

[0105] (Example 1) What ground the silicon-on-sapphire C side (alpha-aluminum 2 03 field of a 
substrate (0001)) by the mechanochemical-polishing method, and was made into the mirror plane 
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condition was used until average surface irregularity was set to about 2nm as a substrate with 
the sensing-pin type surface roughness plan which has the sensing-pin tip radius of 0.2 
micrometers. 

[0106] This silicon on sapphire was laid in the vacuum chamber, and the inside of a vacuum 
chamber was exhausted to 5x10 to 7 or less Torrs. Then, by introducing Ar gas in a vacuum 
chamber and performing sputtering into the static magnetic field of about 4000 A/m by setting 
the inside of a vacuum chamber to about 3 mTorr As shown in drawing 1 Sequential membrane 
formation of Co90Fe10 film 1 1 which is a ferromagnetic, the Cu film 12 which is a middle 
nonmagnetic membrane, Co90Fe10 film 11 which is a ferromagnetic, the FeMn film 13 which is an 
antiferromagnetism film, and the Ti film 14 which is a protective coat is carried out on silicon on 
sapphire 10. The cascade screen of the spin bulb structure which becomes Ti5 nm/FeMn8 
nm/Co90Fe108 nm/Cu2.2 nm/Co90Fe108nm was produced, and the magneto-resistive effect 
element was obtained. Furthermore, the Cu lead 1 5 was formed on this cascade screen. In 
addition, the presentation of a CoFe system alloy film is what big resistance rate of change is 
shown for [the Magnetics Society of Japan and 16,313 (1992)]. And it was referred to as 
Co90Fe10 from the point of soft magnetic characteristics. 

[0107] Here, as a material of a protective coat, non-magnetic material, such as Cu, Cr, W, SiN, 
and TiN, can be used in addition to Ti. In addition, in order to prevent oxidation of FeMn, it is 
desirable to use materials other than an oxide. Moreover, as long as the thickness of the Ti film 
1 4 has a protective effect, you may not be 5nm, but in order to prevent the sensitivity fall by 
splitting to the Ti film 14 at the time of passing sense current, it is desirable for thickness to be 
dozens of nm or less in consideration of having high electrical resistivity compared with 
Co90Fe10film 11. 

[0108] Magnetization fixing is carried out by FeMn and Co90Fe10 film 11 which touches the 
FeMn film 13 does flux reversal and rotation of another Co90Fe10 film 1 1 according to an 
external magnetic field, although the thickness of Co90Fe10 film 11 which is a ferromagnetic set 
to 8nm also with two-layer, even if the thickness of a two-layer ferromagnetic is the same, it 
may differ. Although the ferromagnetic is theoretically usable if the thickness is more than 1 
atomic layer (0.2nm), 0.5-20nm is appropriate on practical use of MR element. 
[0109] Although the thickness of the Cu film 12 formed between two Co90Fe10 films 11 was 
formed by 2.2nm at this example, except this thickness is sufficient as it, and its 0.5-20nm is 
desirable practically. Moreover, Au, Ag, Ru, Cu alloy, etc. can be used as materials other than Cu. 

[01 10] The FeMn film 13 which is an antiferromagnetism film is used for magnetization fixing of 
Co90Fe10 film 1 1 which touches directly. Although it is usable if there is about 1nm or more of 
this thickness, it is desirable that it is 2nm - 50nm from reliability and practicality. In addition, 
nickel oxide can also be used as a material of an antiferromagnetism film in addition to FeMn. 
When using nickel oxide as a material of an antiferromagnetism film, sputtering can be performed 
in Ar and the mixed-gas ambient atmosphere of oxygen, or the antiferromagnetism film of good 
nickel oxide can be formed by applying the ion beam spatter method, the dual ion beam spatter 
method, etc. Moreover, since nickel oxide film can be formed good on a silicon-on-sapphire C 
side, it can also use spin bulb structure as 50nm of Ti5 nm/Co90Fe108 nm/Cu2.2 
nm/Co90Fe108 nm/nickel oxides. In this case, if the thickness of nickel oxide film is 1nm or 
more, it can give the stable bias magnetic field to Co90Fe10 film. 

[01 11] The crystal structure was investigated in the magnetic properties of a magneto-resistive 
effect element, resistance rate of change, and a list. In addition, magnetic properties were 
measured by maximum impression magnetic field 1.2 MA/m with the oscillatory type 
magnetometer (VSM), and resistance rate of change was measured by 4 terminal resistance 
measurement method in the static magnetic field. The crystal structure was measured with the 
theta-2theta scan and the rocking curve X-ray diffraction method. In VSM and the X diffraction, 
it measured about the film by which patterning of the resistance rate of change was carried out 
to the shape of a 1mmx8mm stripe with the metal mask about the film by which patterning was 
carried out to 8mm angle with the metal mask. The resistance change in the magnetic field of a 
magneto-resistive effect element was measured with the four probe method. 
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[01 12] The measurement result of a magneto-resistive effect element is shown in drawing 2 . 
When the external magnetic field was impressed in the direction of an easy axis so that drawing 
2 might show, the maximum resistance rate of change was about 1 0%. Moreover, the coercive 
force of this magneto-resistive effect element was 160 or less A/m. Thus, this magneto- 
resistive effect element is the weak magnetic field of about 160 A/m, and it turned out that 
about 10% of big resistance change is obtained, and good soft magnetic characteristics and high 
resistance rate of change were obtained. Moreover, although resistance rate of change was 
about 4% when the external magnetic field was impressed in the direction of a hard axis, 80 A/m 
and soft magnetic characteristics of coercive force were very good. 

[0113] Moreover, the magnetization curve of this magneto-resistive effect element is shown in 
drawing 3 (A) and drawing 3 (B). As drawing 3 (A) shows, it turns out that the coercive force of 
about 160 A/m and the direction of a hard axis of the coercive force of the direction of an easy 
axis is about 80 A/m. Moreover, as drawing 3 (B) shows, in the direction of an easy axis, it turns 
out that the exchange bias of about 5.3 kA/m is impressed to Co90Fe10 film which touches 
FeMn. 

[0114] Moreover, the crystal structure of this magneto-resistive effect element showed strong 
fee phase (111) plane orientation (the maximum dense plane orientation). 

[01 15] The Ti/FeMn/CoFe/Cu/CoFe film was formed like the above on the thermal oxidation Si 
substrate. As a result of evaluating like the above about this, the maximum **** peak of an X 
diffraction fell or less to 1/10 compared with the above-mentioned case, and it is 3000 A/m in 
easy shaft orientations, and He is a high value with application difficult for a magneto-resistive 
effect element, and showed 8% or less of value also with resistance rate of change smaller than 
the above-mentioned orientation (111) film. 

[01 16] Next, the Ti/FeMn/CoFe/Cu/CoFe film was produced like the above on the MgO (100) 
substrate. As a result of evaluating like the above about this, the X diffraction peak showed only 
the high intensity (100) peak, i.e., good (100) orientation. At this time, He was 1200 A/m in easy 
shaft orientations, showed the high value with application difficult for a magneto— resistive effect 
element, and showed 8% or less of value also with resistance rate of change smaller than the 
above-mentioned orientation (111) film. 

[01 17] The above thing shows that low [ He ] and high resistance rate of change are realizable, 
when orientation (111) is realized. 

[0118] Next, when the magneto-resistive effect element of the spin bulb structure which 
becomes Ti5 nm/FeMn8 nm/Co8 nm/Cu2.2 nm/Co8nm using Co film as a ferromagnetic was 
produced on the sapphire C side substrate and magnetic properties and resistance rate of 
change were measured like the above, the same maximum dense plane orientation and 
resistance rate of change showed about 8% of value, and there was about 800 A/ m of coercive 
force. In addition, in the thermal oxidation Si substrate, it was Hc=2000 A/m **R/R=7%. 
[01 19] Although low [ He ] and high **R/R are obtained even if it uses Co as a material of a 
ferromagnetic from these results, as a material of a ferromagnetic, it is easy to generate soft 
magnetic characteristics in Co, they have become it by using the alloy which added Fe, and it is 
more desirable. 

[0120] Furthermore, it is Co100-x Fex about the magneto-resistive effect element of the spin 
bulb mold which consists of Ti5 nm/FeMn8 nm/Co100-x Fex 8 nm/Cu2.2 nm/Co100-x Fex 
8nm / a sapphire C side, or a glass substrate. The Fe concentration x (atomic %) of a 
ferromagnetic was changed, and was produced. The relation between **R/R obtained as a result 
and He is shown in the following table 1. As shown in a table 1, on a sapphire C side, it is clear 
that increase of remarkable He reduction and **R/R is realized in 5<=x<=40. 
[0121] 
[A table 1] 
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(Example 2) On C side of silicon on sapphire, and the glass substrate (# by Corning, Inc. 021 IX 
Cu substrate film with a thickness of 10nm was formed on the field (1 1 1) of Si substrate, and 
Co90Fe10 film was further formed on the respectively same membrane formation conditions as 
an example 1 on rt In addition, Cu substrate film can be formed with the bias sputtering method, 
the ion beam sputtering method, vacuum deposition which carried out ion assistance, etc. The 
coercive force (He) of this Co90Fe10 film was measured. Moreover, various thickness of 
Co90Fe10 film was changed and formed through Cu substrate film on said each substrate, and 
the coercive force (He) of the Co90Fe10 film was measured. The result is shown in drawing 6 . 
Furthermore, Co90Fe10 film of various thickness was formed like the above, without forming Cu 
substrate film on said substrate, and the coercive force (He) was measured, respectively. The 
result is shown in drawing 7 . 

[0122] When Cu substrate film is formed also in which substrate ( drawing 6 ), He lower than the 
case where there is no Cu substrate film is shown so that drawing 6 and drawing 7 may show. 
Moreover, it turns out that He is low in order of C side of silicon on sapphire, the field (1 1 1) of Si 
substrate, and a glass substrate, and it is good irrespective of the existence of Cu substrate film. 
When Co90Fe10 film with a thickness of 8nm was especially formed in C side of silicon on 
sapphire through Cu substrate film, low [ of 80 or less A/m / He ] was shown. In addition, He of 
Co90Fe10 film which has Cu substrate film showed the orientation which increases slightly 
according to the increment in thickness of Co90Fe10 film. On the other hand, He of Co90Fe10 
film without Cu substrate film decreased with the increment in thickness first, and showed the 
orientation which increases as thickness increases further. For example, when the thickness of 
Co90Fe10 film was about 8nm, the minimal value of He was 160 or less A/m. 
[0123] Thus, in case a ferromagnetic is formed on a substrate, by forming a substrate film among 
both shows that good soft magnetic characteristics can be obtained. 

[0124] Moreover, by using a CuNi alloy film as a substrate film in the case of forming Co90Fe10 
film and Co film on C side of silicon on sapphire or Si substrate showed that good soft magnetic 
characteristics were obtained. Moreover, by using number -100nm germanium, Si, or Ti film as a 
substrate film in the case of forming Co90Fe10 film and Co film on a glass substrate or a 
ceramic substrate showed that the maximum dense plane orientation was promoted, 
consequently good soft magnetic characteristics could be obtained. 

[0125] Moreover, splitting of MR sense current can be prevented by using for a substrate film 
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the material which is high resistance from Co90Fe10 film or Co film. For example, since nickel 
oxide film described in the example 1 is high resistance and it is the antiferromagnetism film 
which can carry out epitaxial growth on C side of silicon on sapphire, it can serve both as a 
substrate film and an antiferromagnetism bias film. The magneto-resistive effect element of the 
spin bulb structure where nickel oxide film 26 was used for drawing 8 is shown. 
[0126] (Example 3) The effect of field bearing of the silicon on sapphire exerted on the coercive 
force which Co90Fe10 film shows was investigated. At this example, C side and the Rth page 
(alpha-aluminum 2 03 field of a substrate (1012)) compared. 

[0127] Co90Fe10 film of 10nm of thickness was formed on C side of silicon on sapphire, and the 
Rth page, respectively. The difference in the crystal orientation by this field bearing is shown in 
drawing 9 (A) and drawing 9 (B). On C side, good fee (111) orientation could be realized and the 
CoFe alloy film with which coercive force, as a result, has 1 60 or less A/m and good soft 
magnetic characteristics has been formed so that drawing 9 (A) might show. On the Rth page, 
the peak of fee (200) is detected besides the peak of fee (1 1 1), and fee (111) orientation is not 
so good so that drawin g 9 (B) may show on the other hand. For this reason, there is hundreds of 
or more A/m coercive force, and good soft magnetic characteristics were not obtained. 
[0128] Only in the peak corresponding to a fee phase (111) side, in drawing 9 (A), (some hep 
phase (001) plane orientation may be included) has appeared strongly near 2 theta= 43.5 degree 
in addition to the peak of the sapphire which is a substrate in respect of C. Moreover, Co90Fe10 
film showed low coercive force, so that this peak intensity was strong. On the other hand, in 
drawing 9 (B), the peak corresponding to a fee phase (200) side has appeared near 2 theta= 52.6 
degree in the Rth page in addition to the peak of sapphire, and the fee phase (111) side peak. 
Existence of this fee phase (100) plane orientation means that the crystal magnetic-anisotropy 
easy shaft has appeared in a field, and this becomes the cause of raising coercive force. 
[0129] Next, the rocking curve was measured about the peak corresponding to the field (111) 
(the maximum ****) of Co90Fe10 film on C side of this silicon on sapphire. The rocking curve is 
shown in drawing 10 . The orientation where half-value width is very as strong as about 3 
degrees can be checked with a peak of near theta= 21.8 degree so that drawing 10 may show. 
Although the peak of silicon on sapphire is also overlapped by this rocking curve, the good 
crystal orientation of Co90Fe10 film can be checked. 

[0130] Next, correlation with the coercive force of Co90Fe10 film and the half-value width in the 
rocking curve of the peak corresponding to the field (111) (the maximum ****) of Co90Fe10 film 
is shown in drawing 1 1 . When Co90Fe10 film was formed on the glass substrate so that drawing 
1 1 might show, the peak (111) was feeble in many cases, rocking curve half-value width was 20 
degrees or more, and He was 3000 or more A/m. Moreover, if Ar pressure and substrate 
temperature are optimized and the half-value width of a rocking curve becomes about 1 5 
degrees, He will decrease to about 1000 A/m. If the film set to this Co90Fe10 from the material 
which added about 1% in aluminum is formed on a glass substrate, half-value width will decrease 
at about 8 degrees, and He will serve as a 350 A/m degree. Moreover, by forming Co90Fe10 film 
on C side of silicon on sapphire, further, half-value width decreases at about 3 degrees, and He 
serves as an about 1 60 A/m degree. Therefore, it follows on the half^value width of the rocking 
curve of the peak corresponding to the maximum **** (in the case of Co90Fe10 film (111) field) 
decreasing at less than 20 degrees, and can check that it is in the orientation for coercive force 
to decrease rapidly. For example, it turns out that the half-value width of a rocking curve 
approaches a value with as good coercive force as 160 A/m at 7 degrees or less. That is, the 
coercive force of Co90Fe10 film declines as the maximum dense plane orientation of Co90Fe10 
film becomes strong. Thus, it turns out that good soft magnetic characteristics have correlation 
strongly with the amount of preferred orientation of a ferromagnetic. 

[0131] As a method of strengthening the maximum dense plane orientation of Co90Fe10 film, as 
mentioned above, some methods, such as the method of forming membranes with ultra-high- 
vacuum membrane formation equipments, such as a method of adding the various alloying 
elements later mentioned to the 1st, the method of choosing a substrate material and bearing as 
the 2nd, a method of preparing a substrate film between the 3rd substrate and Co90Fe10 film, 
and MBE, are mentioned [ 4th ]. In addition, in the 2nd method, when C side of silicon on 
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sapphire was used for a substrate, by grinding the field by the mechanochemical polish and float 
polish or the ion polish, and setting average surface roughness (Ra) of a substrate to 2nm or less 
showed that Co90Fe10 film formed on it showed still better soft magnetic characteristics. 
However, the average surface roughness of the coercive force of Co90Fe10 film was 1000 or 
more A/m in 5nm or more. 

(Example 4) In the example 3, by strengthening the maximum dense plane orientation by the 1 st 
and 2nd methods about the monolayer of Co90Fe10 film showed that coercive force declined. 
Next, it checks whether it can say that the same is said of the cascade screen containing 
Co90Fe10film. 

[0132] The cascade screen of aluminum content Co90Fe1010 nm/Cu5 nm/aluminum content 
Co90Fe1010nm was formed on the same membrane formation conditions as an example 1 on the 
glass substrate. The relation between aluminum element addition in the Co90Fe10 film in this 
case and the coercive force of Co90Fe10 film is shown in drawing 12 . It turns out that coercive 
force can be reduced by addition of aluminum element also in a cascade screen so that drawing 
12 may show. Moreover, orientation of the maximum **** of Co90Fe10 film in a cascade screen 
was able to be similarly strengthened by the 2nd to 4th method shown in the example 2. 
[0133] Next, the maximum **** peak intensity dependency of the coercive force of Co90Fe10 
film in a cascade screen is shown in drawing 13 . Although coercive force is declining, it can 
check, so that drawing 13 may show and the maximum **** peak intensity becomes large 
[ field / of monolayer ] at him. In the case of the above-mentioned structure, peak intensity is 
102 (a. u.). It is weak and coercive force is a 103 A/m degree. In this case, coercive force fell to 
the hundreds A/m degree by using the film which consists of a material which added aluminum 
to Co90Fe10 the 1 atom % grade. Moreover, it is 103 (a. u.) by replacing a glass substrate with C 
side of silicon on sapphire. The above peak intensity and the good coercive force of 100 or less 
A/ m were acquired. In addition, the half-value width at this time was 7 degrees or less. 
[0134] (Example 5) Alloying elements other than aluminum were added to Co90Fe10, and 
coercive force was investigated. In this case, as an alloying element, also when Ta, Pd, Zr, Hf, 
Mo, Ti, Nb, Cu, Rh, Re, In, B, Ru, Ir, and W were used, the fall of coercive force was accepted. 
Moreover, even if it added the combination of those elements, for example, Ta and Pd Nb, and 
Pd, Zr and Nb, the fall of coercive force has been checked. As an example, the relation between 
the addition of Ta and coercive force is shown in drawing 14 in the structure of the cascade 
screen of Ta content Co90Fe1010 nm/Cu5 nm/Ta content Co90Fe1010nm. It can check that 
coercive force has declined by addition of Ta element also in this case so that drawing 14 may 
show. 

[0135] (Example 6) Although the above was the example which realized high (111) orientation 
about the CoFe film, it was not restricted to a CoFe film, but the same effect was seen even if it 
used the CoFeNi film, the CoNi film, etc. The example is shown in the following table 2. A table 2 
shows rocking curve half-value-width **theta50 of the peak in the spin bulb film (111) which has 
the same structure (the side which touches a FeMn film is still a CoFe film) as drawing 1 which 
produced the presentation of (1) ferromagnetic, the class of (2) substrates, and the substrate 
film between (3) substrates and a spin bulb film as a parameter, He of easy shaft orientations, 
and **R/R. The result at the time of producing the spin bulb film of the ferromagnetic of the 
same presentation as a table 2 without a substrate film on a glass substrate is written together 
to a table 2 for a comparison. 
[0136] 
[A table 2] 
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As shown in a table 2, by using the substrate film with which not only a CoFe film but a CoFeNi 
film and a CoNi film consist of a sapphire C side substrate top, Ti, Si, germanium, etc. compared 
with the direct membrane formation to a glass substrate, a **theta50<7 degree good (111) 
orientation film can be obtained, as a result, He falls, and high resistance rate of change can be 
realized. 

[0137] However, when 16 (M 1nm thickness / Cu 1nm thickness) artificial grids films of high 
(111) orientation were produced with the substrate film and sapphire C side substrate which 
consist of Ti etc. (M:Co20nickel80, Co20Fe15nickel65), **R/R showed 2% or less of remarkable 
small value, and the high saturation magnetic field peculiar to RKKY-antiferromagnetism 
association disappeared. (111) Since RKKY-antiferromagnetism association will not be obtained if 
orientation is carried out, it turns out that resistance rate of change fell. Therefore, if the types 
(the so-called uncombined mold artificial grid film using the difference of coercive force (the 
collection of the 14th Magnetics Society of Japan academic lecture outlines, 1990, and 177 
page) etc.) which do not use not only a spin bulb film but RKKY antiferromagnetism association 
realize high (111) orientation, high resistance rate of change and good soft magnetism tend to be 
compatible. 

[0138] Moreover, even if it also transposed the ferromagnetic which touches FeMn in addition to 
this to the film of the same presentation as a bottom magnetic film, it was checked that the 
same effect is acquired. 

[0139] (Example 7) The spin bulb film of Ti5 nm/FeMn8 nm/CoFe8 nm/Cu2.2nm / 8nm of 
ferromagnetics was formed on the same conditions as an example 1 on the glass substrate (with 
no substrate film). At this time, the nonmagnetic alloying element and the resistance rate of 
change of easy shaft orientations which are applied to a lower ferromagnetic, and the relation of 
He are shown in the following table 3. 
[0140] 
[A table 3] 
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As shown in a table 3, He fell compared with the film which does not add the nonmagnetic 
element which formed membranes to the glass substrate. In addition of aluminum, Ta, etc., 
although the fall of He was remarkable, when it added in large quantities, resistance rate of 
change fell sharply. With aluminum, it turns out by Ta that it is compatible in low [ 5% or more 
which exceeds the spin bulb film which consists of NiFe under by 1 0 atom % of / resistance rate 
of change and low / He ] under 6.5 atom %. In addition, when aluminum or Ta was added to CoFe, 
the maximum **** peak intensity increased in the X diffraction. On the other hand, although Cu, 
Au, Ag, Pd, etc. do not have the He reduction effect as remarkable as aluminum or Ta, decline in 
resistance rate of change is not seen by a lot of addition below 10 atom %, either. The maximum 
**** peak intensity in an X diffraction also increased the addition of Cu, Au, Ag, Pd, etc. to 
CoFe. It is thought that improvement in the crystal stacking tendency mentioned above 
originates in the fall of these He from the maximum **** peak intensity in an X diffraction having 
improved with the alloying element. In addition, reduction of the crystal magnetic anisotropy by 
the alloying element may also originate in the fall of He. 

[0141] furthermore, the constant temperature of 65~degree-C95%RH — discoloration by the film 
which added Pd more than 7 atom %, although there was nothing when it is left in a constant 
humidity chamber for 100 hours and corrosion resistance is investigated about each 
ferromagnetic (100nm thickness) of a monolayer As for the CoFe film which does not add a 
nonmagnetic element, Co20nickel80 film, Co20Fe15nickel65 film and the film which did 6.5 atom 
% addition of aluminum, the film that did 6 atom % addition of Ta, discoloration was seen. That is, 
addition of Pd demonstrates the effect of improving corrosion resistance. In addition of only Pd, 
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although the fall of He is not so remarkable, if Pd is added with Cu, high resistance rate of 
change and corrosion resistance will be maintained, and the further improvement of soft 
magnetic characteristics will be attained. Furthermore, when the sapphire C side substrate, the 
amorphous metal-substrate film, and the substrate film of an fee lattice were used, He fell to 
less than 80 A/m, and addition of only Pd also showed -10% high resistance rate of change by 
Pd density range to 40at(s)% of Pd further. However, when Pt expected to be effective for a 
corrosion-resistant improvement with the same noble metals was added, it increased more than 
the film with which He does not add Pt. For this reason, addition of the viewpoint of soft 
magnetic characteristics to Pt is not desirable. 

[0142] (Example 8) After surface roughness defecated the thermal oxidation Si substrate surface 
not more than Ra =2nm by SH (mixed liquor of sulfuric-acid and hydrogen peroxide) processing, 
this substrate was laid in vacuum devices and it exhausted to 1x10 to 9 or less Torrs. The water 
and oxygen in vacuum devices were managed with the mass spectrograph and the dew-point 
instrument. After the above procedure is completed, super-high grade Ar gas is introduced in 
equipment, and the degree of vacuum in equipment is set to 1x10-4Torr, and it sets inside the 
ECR ion source, and is 2.45GHz. The ion beam which was made to generate microwave discharge 
and was accelerated performed sputtering, and as shown in drawing 15 , the amorphous Si film 
was formed by 5nm of thickness as 1st substrate film 151 on the thermal oxidation Si substrate 
1 50. Then, the Cu-nickel alloy was continuously formed by 2nm of thickness as 2nd substrate 
film 152 on the 1st substrate film 151, maintaining a vacuum. 

[0143] A Co90Fe10 alloy film as the 1st ferromagnetic 153 on the surface by 8nm in thickness A 
Co90Fe10 alloy film as the 2nd ferromagnetic 155 by 2.2nm in thickness for a Cu-nickel alloy 
film as a nonmagnetic membrane 1 54 by 8nm in thickness The Fe-Mn alloy film was carried out 
by 8nm in thickness as an antiferromagnetism film 156, sequential membrane formation of the Ti 
film was carried out by 5nm in thickness as a protective coat 1 57, and the cascade screen of 
spin bulb structure was produced. Each above thin film was formed in ion beam sputtering. 
Furthermore, the spin bulb mold magneto-resistive effect element 159 was obtained by forming 
the Cu electrodes 1 58a and 1 58b on this cascade screen. 

[0144] In addition, as a constituent of the CoFe system alloy film in a ferromagnetic 153,155, it 
was referred to as Co90Fe10 from a viewpoint of big resistance rate of change (the Magnetics 
Society of Japan: 16.313 (1992)) and soft magnetic characteristics. 

[0145] Thus, when the crystallinity, the magnetic properties, and the resistance rate of change 
of the obtained spin bulb mold magneto-resistive effect element were measured, the coercive 
force which the half-value width by the X diffraction of a CoFe alloy film is 1 degree, and is one 
of the physical properties which show soft magnetic characteristics was 0.1Oe(s). Moreover, the 
magnetic-reluctance rate of change measured using this element showed the high value of about 
10%. 

[0146] Moreover, without having introduced usual Ar gas to 2x10-3Torr, and forming an 
amorphous Si film on the substrate surface, after laying the substrate which performed the same 
processing in vacuum devices for the comparison and exhausting to 1x10 to 7 or less Torrs, Cu 
film was directly formed as a substrate film, and the cascade screen of the spin bulb structure of 
the same configuration as an example 8 was produced on the surface. Furthermore, Cu electrode 
was formed on this cascade screen, and it considered as the magneto-resistive effect element. 
This cascade screen is usual 13.56MHz. It formed by the excited 2 pole sputtering method. 
[0147] When the crystallinity, the magnetic properties, and the resistance rate of change of this 
magneto-resistive effect element were measured, the coercive force which the half-value width 
by the X diffraction of a CoFe alloy film is 7 degrees, and is one of the physical properties which 
show soft magnetic characteristics was 1 .50e(s). Moreover, the magnetic-reluctance rate of 
change measured using this element was about 5%. 

[0148] (Example 9) After surface roughness surface-cleaning-ized the sapphire substrate not 
more than Ra =2nm, this substrate was laid in vacuum devices and it exhausted to 1x10 to 9 or 
less Torrs. The water and oxygen in vacuum devices were managed with the mass spectrograph 
and the dew-point instrument. After the above procedure was completed, the amorphous CuTi 
film was formed by 3nm of thickness as 1st substrate film with the ultra-high-vacuum vacuum 
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deposition using the source of electron beam evaporation. Then, it continues with a vacuum 
maintained and is the excitation frequency of 100MHz. The FeMn alloy film was formed by 2nm 
of thickness as 2nd substrate film using ultra-high-vacuum RF sputtering. 

[0149] Next, it is the excitation frequency of 100MHz about all the cascade screens of spin bulb 
structure that have the configuration of Ti5 nm/FeMn8nm/(Co81Fe9) Pd108 nm/Cu2.2nm/ 
(Co8K/SUB>Fe9) Pd108nm on the above-mentioned substrate film. It formed using ultra-high- 
vacuum RF sputtering, Cu electrode was further formed on this cascade screen, and the spin 
bulb mold magneto-resistive effect element was produced. 

[0150] Thus, when the crystallinity, the magnetic properties, and the resistance rate of change 
of the obtained spin bulb mold magneto-resistive effect element were measured like the example 
8, the coercive force which the half^value width by the X diffraction of a CoFe film is 1.5 
degrees, and is one of the physical properties which show soft magnetic characteristics was 
10e. Moreover, the magnetic-reluctance rate of change measured using the allotropy child 
showed the high value of about 1 2%. 

[0151] (Example 10) As shown in drawing 1 6 , the high resistance amorphous layer 31 which 
consists of CoZrNb etc. was formed on the support substrate 30, sequential formation of the 
exchange bias layer 34 which consists of the nonmagnetic membrane 33 which consists of a 
ferromagnetic 32 which consists of a CoFe alloy etc. on it, Cu, etc., a ferromagnetic 32, FeMn, 
etc. was carried out in the static magnetic field of about 4 kA/ m f the lead 35 was formed on the 
exchange bias layer 34, and the magneto-resistive effect element was produced. In addition, 
each class formed membranes on the membrane formation conditions shown in the following 
table 4 with a sputtering system. [ of 4 yuan ] 
[0152] 
[A table 4] 
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The magnetic properties of this magneto-resistive effect element are investigated, and that M-H 
curve (magnetization-magnetic field curve) is shown in drawing 17 and drawing 18 . In addition, 
drawing 17 shows the M-H curve of easy shaft orientations, and drawing 18 shows the M~H 
curve of difficult shaft orientations. 

[0153] The coercive force He (inside a of drawing) of the CoFe film of the side which has not 
fixed to FeMn became about 500 A/ m, and showed the remarkable low value compared with 
Hcabout 1600 A/m of the usual CoFe monolayer so that d raw ing 17 might show. Also about the 
difficult shaft orientations which are furthermore signal magnetic field input sides, the coercive 
force He (inside b of drawing) of the CoFe film of the side which has not fixed to FeMn became 
about 600 A/m, and the remarkable low value was shown compared with Hcabout 1 600 A/m of 
the usual CoFe monolayer so that drawing 18 might show. 

[0154] Moreover, the resistance law of this magneto-resistive effect element is investigated, and 
that R-H curve (resistance-magnetic field curve) is shown in drawing 19 . Resistance rate-of- 
change **R/R became about 9% comparable as the conventional Co system spin bulb film of high 
resistance rate of change so that drawing 19 might show. Moreover, the coercive force He 
(inside c of drawing) of the CoFe film of the side which has not fixed to FeMn became the low 
value of about 500 A/m so that it might be expected from drawing 17 . 

[0155] In this example, although the FeMn film was used as an exchange bias layer, even if it 
used the artificial grid film which may use antiferromagnetism films, such as NiO, and (Co/Cu) 
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has structures, such as n, it was checked that a good property is acquired. Furthermore, in this 
example, although the CoZrNb film is used as a high resistance amorphous layer, a FeZr film, a 
FeZrN film, a CoZrN film, a FeTaC film, or a NiFeX film (X:Rh, Nb, Zr, Hf, Ta, Re, Ir, Pd, Pt, Cu, 
Mo, Mn, W, Ti, Cr, Au or Ag) of a minute crystal etc. may be used. Especially, by the microcrystal 
film (Co system nitride, Co system carbonization film, NiFeX film) of a fee phase, the effect 
which promotes fee phase (111) orientation was also multiplied, He fell to -250 A/m by easy 
shaft orientations further, and resistance rate of change improved to 10%. 

[0156] For a comparison, the magnetic properties of the magneto-resistive effect element which 
comes to carry out the laminating of the same ferromagnetic as drawing 23 later mentioned on a 
support substrate without preparing a high resistance amorphous layer, the middle class, a 
ferromagnetic, and the exchange bias layer one by one are investigated, and the M-H curve is 
shown in drawing 20 and drawing 21 . In addition, drawing 20 shows the M-H curve of easy shaft 
orientations, and drawing 21 shows the M-H curve of difficult shaft orientations. Moreover, 
membrane formation conditions presupposed that it is the same as that of said table 3. 
[0157] The coercive force He (inside d of drawing) of the CoFe film of the side which has not 
fixed to FeMn became about 2000 A/m, and showed the high value like He of the usual CoFe 
monolayer so that drawing 20 might show. Furthermore, also about difficult shaft orientations, as 
shown in drawing 21 , the coercive force He (inside e of drawing) of the CoFe film of the side 
which has not fixed to FeMn became about 1400 A/m, showed the high value like He of the usual 
CoFe monolayer, and was inadequate as a magneto-resistive effect element. 
[0158] (Example 1 1) As shown in drawing 22 , the substrate film 36 with a thickness of about 
5nm it is thin from Cu etc. was formed on the support substrate 30, sequential formation of the 
exchange bias layer 34, a ferromagnetic 32, a nonmagnetic membrane 33, a ferromagnetic 32, and 
the high resistance amorphous layer 31 was further carried out on it, the lead 35 was formed on 
the high resistance amorphous layer 31, and the magneto-resistive effect element was produced. 
In addition, membrane formation conditions were made to be the same as that of the above- 
mentioned table 3. 

[0159] Low He was able to be obtained when the structure shown in drawing 22 , i.e., a high 
resistance amorphous layer, was formed as the upper layer rather than an exchange bias layer. 
Moreover, since an amorphous layer was high resistance, even if this layer turned into the 
maximum upper layer, there was no decline in the magnetic-reluctance rate of change by the 
shunt effect. In addition, it is desirable to prepare a substrate film for crystal orientation control 
of FeMn in this case. 

[0160] (Example 12) After forming the CoPtCr film 42 by 8nm in thickness on the support 
substrate 41 and applying a resist 43 on it, patterning of the resist 43 was carried out to the 
desired pattern, and as shown in drawing 23 (A), it etched by ion mealing etc. Under the present 
circumstances, the taper angle X of CoPtCr has a desirable direction near 90 degrees. 
[0161] Next, as shown in dr aw ing 25 (B), the resist 43 after etching did not remove, but carried 
out sequential formation of the nonmagnetic membrane 45 which consists of a ferromagnetic 44 
which consists of a CoFe alloy in this condition, Cu, etc., a ferromagnetic 44, and the high 
resistance amorphous layer 46, and produced the magneto-resistive effect element of spin bulb 
structure. Under the present circumstances, the taper angle Y of a resist 43 has a desirable 
direction near 90 degrees. 

[0162] Next, after removing a resist 43, the lead 47 was formed on the high resistance 
amorphous layer 46. In addition, this lead 47 may be formed before removing a resist 43. Thus, by 
producing, as shown in drawin g 25 (C), without being accompanied by property deterioration, spin 
bulb structure sensitive to an interface condition is produced, and the thing of it can be carried 
out. 

[0163] A high coercive force film can be used without using the exchange bias layer which 
consists of FeMn etc. as a magnetization fixing film like the above-mentioned structure. As a 
material of a high coercive force film, even if it does not use a substrate film, it is desirable to 
use the material which can demonstrate the suitable magnetic anisotropy within a field. So, in 
this example, the CoPtCr film with which are satisfied of this property was used as a high 
coercive force film. 
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[0164] (Example 13) As shown in drawing 24 , the laminating of the high resistance amorphous 
layer 31, a ferromagnetic 32, a nonmagnetic membrane 33, a ferromagnetic 32, and the high 
resistance amorphous layer 31 was carried out one by one on the support substrate 30, the lead 
35 was formed on the high resistance amorphous layer 31 of the maximum upper layer, and the 
magneto-resistive effect element was produced. 

[0165] The antiferromagnetism-magnetization array between ferromagnetics 32 may realize 
using the auto-bias effect by the effect of an anti-magnetic field by the magnetic field or the 
configuration generated according to sense current not using the exchange bias layer which 
consists of FeMn which is a magnetization fixing film like the structure shown in drawing 24 . 
[0166] In this case, it is made to be added so that the magnetic field generated according to 
sense current may serve as an opposite direction by the upper and lower sides on both sides of 
a ferromagnetic 32 in the direction of film width (the direction of g in drawing), and further, in 
order to reduce the anti-magnetic field of the direction of film width, two ferromagnetics 32 are 
mutually combined in antiferromagnetism. Consequently, even if there is no exchange bias layer, 
two ferromagnetic 32 comrades can join together in antiferromagnetism. Therefore, if the signal 
magnetic field Hs is added to a film longitudinal direction (the direction of f in drawing), 
magnetization of two ferromagnetics 32 will rotate and will serve as set ferromagnetism- 
association at a film longitudinal direction. Consequently, big **R/R resulting from spin 
dependence dispersion can be obtained. 

[0167] (Example 14) As shown in drawing 25 , the CoCr alloy film was formed by 1nm of 
thickness by the ion beam spatter method as a high resistance ferromagnetic 161 on the thermal 
oxidation Si substrate 160. Next, on the high resistance magnetic film 161, it was 3nm in 
thickness about the CoFe alloy film as the 1st ferromagnetic 162, and Cu film was carried out by 
2nm in thickness as a nonmagnetic membrane 163, sequential membrane formation of the CoFe 
alloy film was carried out by 3nm in thickness as the 2nd ferromagnetic 164, and the cascade 
screen of a spin bulb mold was formed. 

[0168] Then, the FeMn film was formed by 15nm in thickness as an antiferromagnetism film 165 
on the above-mentioned cascade screen. The spin bulb mold magneto-resistive effect element 
168 was produced by forming a protective coat 166 moreover if needed, and forming Electrodes 
167a and 167b (gap: 10 micrometers) further. 

[0169] Thus, when the resistance rate of change of the obtained spin bulb mold magneto- 
resistive effect element was measured, the room temperature showed the high value of 14%. 
[0170] As a comparison, the spin bulb mold magneto-resistive effect element was produced like 
the example 14 except not forming the high resistance ferromagnetic 161. When the property of 
this spin bulb mold magneto-resistive effect element was evaluated like the example 14, the 
resistance rate of change in a room temperature was 1 2%. 

[0171] (Example 16) a silicon-on-sapphire top — as the 1st ferromagnetic, it formed in Cu film 
as a Co90Fe10 alloy film and a nonmagnetic membrane, and the FeMn film was formed in order 
as a Co90Fe10 alloy film and an antiferromagnetism film as the 2nd ferromagnetic. Under the 
present circumstances, the thickness (dFeCo) of the 1st and 2nd ferromagnetics was changed, 
and resistance rate of change (delta rho/ rho 0) was measured. The result is shown in dr awing 
26 . In addition, it presupposed that the thickness of the 1 st and 2nd ferromagnetics is the same, 
and the thickness of Cu film set thickness of 2.2nm and a FeMn film to 1 5nm. Moreover, in the 
above-mentioned magneto-resistive effect element, an electrode is formed through protective 
coats, such as Ta, nickel, NiCr, etc. excellent in corrosion resistance etc., if needed on an 
antiferromagnetism film. As drawing 26 shows, it turns out that the MR effect is increasing 
[ dFeCo ] by 5nm or less. Moreover, a peak is taken near dFeCo=3nm and 2-4nm becomes a 
desirable range. 

[0172] If the thickness of the sandwich structure of a ferromagnetic / nonmagnetic membrane 
(metal thin film) / ferromagnetic becomes thin, electronic dispersion in the field which is not in 
contact with a metal thin film will become large, and the size effect of resistance will appear. A 
changed part (deltarho) of the specific resistance of sandwich structure is t and a mean free 
path about the total thickness of sandwich structure 10 If it carries out, deltarho is proportional 
to 10 / t. Although it changes under terms and conditions, when Co system ferromagnetic is used 
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so that clearly also from drawing 26 , ferromagnetic thickness is desirable when the MR effect 
with good being referred to as 5nm or less obtains. 

[0173] That is, when the material which had low resistance, for example, the specific resistance 
of 30 or less microomegacm, in the field of the direction which is not in contact with the metal 
thin film of a ferromagnetic has touched, an electron passes through the interface, and flows in a 
material with the specific resistance of 30 or less microomegacm, and effective surface 
dispersion stops being able to happen easily. For this reason, in order to cause effective surface 
dispersion and to use a size effect, it is effective to set to 5nm or less thickness of the material 
which considered as the material of 30 or more microomegacm, or has touched. 
[0174] In order to use a size effect and to acquire the big MR effect, as for the thickness of Co 
system ferromagnetic, it is desirable to make it 5nm or less. At this time, it is desirable to use 
the small metal of specific resistance, such as Cu, Ag, and Au, as a middle metal thin film, and in 
order to use a size effect, as for the thickness of a middle metal thin film, it is desirable that it is 
thinner than 5nm. Moreover, since the effects of surface dispersion in both ferromagnetics differ 
when the thickness of both ferromagnetics differs greatly, magnetic-reluctance rate of change 
will become small. For this reason, as for the ratio of the thickness of both ferromagnetics, it is 
desirable that it is between 1:1-1:2. 

[0175] (Example 16) As shown in drawing 27 , the CuPd alloy film was formed by 2nm in 
thickness by RF spatter as a nonmagnetic membrane 161 on silicon on sapphire 160. Next, on 
the nonmagnetic membrane 161, it was 1nm in thickness about the CoFe alloy film as the 1st 
ferromagnetic 162, and Cu film was carried out by 2nm in thickness as a nonmagnetic membrane 
163, sequential membrane formation of the CoFe alloy film was carried out by 3nm in thickness 
as the 2nd ferromagnetic 1 64, and the cascade screen of a spin bulb mold was formed. 
[0176] Then, the FeMn film was formed by 15nm in thickness as an antiferromagnetism film 165 
on the above-mentioned cascade screen. The spin bulb mold magneto-resistive effect element 
171 was produced by forming a protective coat 166 moreover if needed, and forming Electrodes 
167a and 167b further. 

[0177] With the antiferromagnetism film 165, since the one direction anisotropy is given to the 
2nd ferromagnetic 164, all over a low magnetic field, magnetization does not move by this 
magneto-resistive effect element, while it had been fixed to the one direction by it. On the other 
hand, the 1st ferromagnetic 162 turns magnetization in the direction of a magnetic field also all 
over a low magnetic field. Therefore, the angle which magnetization of two ferromagnetics 
accomplishes is freely controllable by changing external magnetization. In addition, when giving 
an one direction anisotropy effective in the 2nd ferromagnetic 164, as for the antiferromagnetism 
film 165, it is desirable to consider as the thickness of about 1-50nm. 

[0178] Thus, when the resistance rate of change of the obtained spin bulb mold magneto- 
resistive effect element 171 was measured, in spite of having made thickness of the 1st 
ferromagnetic 162 thin with 1nm, the room temperature showed the high value of 8%. Moreover, 
the Barkhausen noise was removable when used for playback of the high density magnetic 
recording of the ** width of recording track which processed the above-mentioned spin bulb 
mold magneto-resistive effect element 171 into the detailed configuration with a width-of-face 
[ of 2 micrometers ] x length of 80 micrometers, and specified between Cu leads to 2 
micrometers. 

[0179] As a comparison, the spin bulb mold magneto-resistive effect element was produced like 
the example 17 except not forming a nonmagnetic membrane 161. When the property of this spin 
bulb mold magneto-resistive effect element was evaluated like the example 1 7, only the value 
with resistance rate of change as small at a room temperature as 3% was acquired. 
[0180] Moreover, the spin bulb mold magneto-resistive effect element was produced like the 
example 16 except setting thickness of the 1st ferromagnetic 162 to 6nm. When the property of 
this spin bulb mold magneto-resistive effect element was evaluated like the example 16, 
resistance rate of change was able to be obtained 6% at the room temperature, but when high 
density record (** width of recording track) was reproduced by the same playback detailed 
element as an example 16, the Barkhausen noise by the anti-magnetic field was observed. 
[0181] (Example 17) the GaAs film which doped Te as a thin film 172 with a long mean free path 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



2003/12/22 



30/48 X— v 



on the thermal oxidation Si substrate 160 so that carrier concentration might be set to 1020cm- 
3 as shown in drawing 28 — MBE — membranes were formed by 10nm in thickness by law. Next, 
on the Te dope GaAs film 172, it was 1nm in thickness about the CoFe alloy film as the 1st 
ferromagnetic 162, and Cu film was carried out by 2nm in thickness as a nonmagnetic membrane 
1 63, sequential membrane formation of the CoFe alloy film was carried out by 4nm in thickness 
as the 2nd ferromagnetic 1 64, and the cascade screen of a spin bulb mold was formed. 
[0182] Then, the FeMn film was formed by 15nm in thickness as an antiferromagnetism film 165 
on the above-mentioned cascade screen. The spin bulb mold magneto-resistive effect element 
173 was produced by forming a protective coat 166 moreover if needed, and forming Electrodes 
167a and 167b further. 

[0183] Thus, when the resistance rate of change of the obtained spin bulb mold magneto- 
resistive effect element was measured, the room temperature showed the high value of 18%. 
Moreover, the above-mentioned spin bulb mold magneto-resistive effect element is used for 
playback of high density magnetic recording, and it is 105 A/cm2. When the output signal voltage 
in the sense current of the current density to say was measured, it is 1 mVp-p. The good value 
to say was acquired. 

[0184] As a comparison, the spin bulb mold magneto-resistive effect element was produced like 
the example 1 7 except not forming the Te dope GaAs film 1 72. When the property of this spin 
bulb mold magneto-resistive effect element was evaluated like the example 17, only the value 
with resistance rate of change as small at a room temperature as 2% was acquired. 
[0185] (Example 18) Cu film with a thickness of 10nm was formed as a substrate film on the 
glass substrate, and Co90Fe10 film was formed on it. Cu film and Co90Fe10 film formed 
membranes by the RF2 pole sputtering method. In addition, sputtering added the one direction 
magnetic field of about 4000 A/m near the substrate with the permanent magnet during 
membrane formation, and performed it according to the sputtering conditions shown below. 
[0186] 

Preliminary exhaust air 1x10 - 4 or less Pa Ar sputtering gas ** 0.4Pa RF injection power CoFe: 
300-500W Cu :160W Sputtering speed CoFe:0.5-1 nm/s Cu : The relation between He (difficult 
shaft orientations) of Co90Fe10 film and the thickness of Co90FeT0 film which carried out in this 
way and was produced 1 nm/s is shown in drawing 29 . Moreover, what formed direct Go90Fe10 
film in drawing 29 without preparing Cu substrate film on a glass substrate for a comparison was 
shown. In addition, coercive force He was measured with the oscillatory type magnetometer. 
[0187] Co90Fe10 usual film which does not prepare Cu substrate film showed high He of 2000 or 
more A/m at 20nm or less of thickness so that drawing 29 might show. On the other hand, 
although the falls of He were few by Co90Fe10 film of 20nm of thickness when Cu substrate film 
was prepared, in 10nm or less of thickness, He fell to 400 - 900 A/m sharply. Thus, by preparing 
Cu substrate film between a glass substrate and Co90Fe10 film showed that He of Co90Fe10 
film could be reduced. When especially the thickness of Cu substrate film was one or more 
atomic layers, the effect of the above-mentioned He reduction was accepted. In addition, when 
Co film was completely similarly formed on Cu substrate film, the fall of He was not accepted like 
the case of a CoFe film. 

[0188] (Example 19) Cu substrate film with a thickness of 5-6nm was formed on the glass 
substrate, and sequential formation of Co90Fe10 film, Cu interlayer with a thickness of 2nm, and 
the Co90Fe10 film was further carried out on Cu substrate film. In addition, the membrane 
formation conditions of these films presupposed that it is the same as that of an example 18. 
[0189] Drawing 30 is shown for the relation of the thickness of He (difficult shaft orientations) 
and Co90Fe10 film to this cascade screen (Cu/CoFe/Cu/CoFe). Moreover, what formed direct 
Co90Fe10 film in drawing 30 without preparing Cu substrate film on a glass substrate like 
drawin g 29 was shown. 

[0190] As drawing 30 shows, although the thickness of unit Co90Fe10 film increases He rapidly 
by 5nm or more at the cascade screen which does not prepare Cu substrate film, He is 800 A/m 
in 3nm or less of thickness. Thus, preparing Cu interlayer can also reduce He. Furthermore, by 
preparing Cu substrate film in this cascade screen shows that He can fall further and He with 
low 220 - 400 A/m is obtained for the thickness of unit Co90Fe10 film by 7nm or less. 
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Therefore, in Cu substrate film and Co90Fe10 cascade screen using Cu interlayer, He can be 
sharply reduced rather than the case of an example 18. 

[0191] Moreover, the magnetization curve (easy shaft orientations) of the cascade screen of 
Cu5 nm/Co90Fe102.2 nm/Cu2 nm/Co90Fe102.2nm is shown in drawing 31 . As drawing 31 
shows, it turns out that residual magnetization is 90% or more, 0 is not antiferromagnetism-like 
[ magnetization of these two Co90Fe10 ferromagnetics ] t and a magnetic field shows a 
ferromagnetism magnetization action for it. 

[01 92] (Example 20) It produced on the membrane formation conditions which show n (CoFe/Cu) 
film to an example 18, having set unit membrane thickness of Co90Fe10 film to 1.5nm, and 
having used unit membrane thickness of Cu film as 1.5nm, and the relation of the He and count n 
of a laminating was investigated. The result is shown in drawing 32 . In this case, it investigated 
about what carried out the laminating to the order of Co90Fe10 film and Cu film on the glass 
substrate, and the thing (it is considered that Cu of the 1st layer is equivalent to a substrate 
film) which carried out the laminating to the order of Cu film and Co90Fe10 film. 
[0193] When the counts of a laminating are 4-8, the point or Cu film of He is [ Co90Fe10 film ] 
as low [ when the count of a laminating is 2 and Co90Fe1 0 film is previously formed so that 
drawing 32 may show. He is high 650 A/m and a little, but / the point ] as 100 - 300 A/m. This is 
considered to be because for the effect of Cu substrate film to diminish and for He to become 
low irrespective of the existence of Cu substrate film (Cu film of the 1st layer) as the count of a 
laminating increases. In addition, the magnetization curve in this case was also the configuration 
which shows ferromagnetism-association like drawing 31 . 

[0194] In addition, it turned out [ which cross-section transmission electron microscope 
observation or measurement of the diffraction peak-mesial-magnitude width of face of an X 
diffraction curve to the diameter of crystal grain is large, namely, this cascade screen followed 
by the interface of Cu film and Co90Fe10 film ] that the crystal is growing in epitaxy. Therefore, 
since this cascade screen does not have excessive resistance increase unlike multilayers, such 
as conventional Fe/C which is making soft magnetism demonstrate according to the microcrystal 
effect using the crystal growth screening effect in the interface of a nonmagnetic membrane and 
a ferromagnetic, the application to the magneto-resistive effect film using spin dependence 
dispersion is possible for it. 

[0195] (Example 21) Magnetization of the ferromagnetic which adjoins Cu film according to Cu 
thickness joining together in antiferromagnetism, or joining together in ferromagnetism is known 
for n film (Co90Fe10/Cu). The relation of the Hs (saturation magnetic field) of difficult shaft 
orientations and the thickness of an unit Cu film in 16 (Co90Fe10(1nm)/Cu) is shown in drawing 
33 . When the thickness of Cu film is set as 1nm and about 2nm, big Hs (12-240kA/(m)) resulting 
from antiferromagnetism association between adjoining ferromagnetics is shown. Moreover, the 
magnetization curve showing antiferromagnetism-association to which residual magnetization as 
shown in dramngJM also by easy shaft orientations fell sharply is shown. On the other hand, the 
other thickness showed Hs (1000 - 2000 A/m) of the degree which is equivalent to the induced 
magnetic anisotropy of Co90Fe10 like the magnetization curve shown in drawing 31 , and residual 
magnetization is 90% or more, and the magnetization curve of easy shaft orientations also 
showed the property without antiferromagnetism association by it. 

[0196] Moreover, as drawing 33 shows, by setting thickness as the mean value of about 1.5nm 
shows that ferromagnetic-like association is obtained. If it is ferromagnetic-like association, 
since Hs is low, the permeability of important difficult shaft orientations can be made high on 
magnetometric sensor application of the magnetic head etc. Thus, as for the thickness of Cu 
film, in this example, it is desirable that it is the mean value which does not carry out 
antiferromagnetism association unlike the artificial grid film in which the conventional giant 
magneto-resistance is shown. 

[0197] (Example 22) The ferromagnetic laminating unit 51 was formed on the same membrane 
formation conditions as an example 18 on the substrate 50. Here, the ferromagnetic laminating 
unit 51 says the cascade screen of Cu film which is a nonmagnetic membrane shown in the 
example 20 and the example 21, and Co90Fe10 film which is a ferromagnetic. Subsequently, the 
nonmagnetic membrane 52 which has different thickness from the nonmagnetic membrane in a 
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ferromagnetic laminating unit was formed on the ferromagnetic laminating unit 51, and the 
ferromagnetic laminating unit 51 was further formed on it. Subsequently, the antiferromagnetism 
film 53 which consists of FeMn, NiO, NiCoO, etc. was formed on it r and the protective coat 54 
was further formed on it. This protective coat 54 is formed if needed. Finally, in order to supply 
current to the edge section, the magneto-resistive effect element which forms an electrode 
terminal 55 on a protective coat 54, and is shown in drawing 35 was produced. 
[0198] Here, exchange bias can be given per [ 51 ] ferromagnetic laminating which touches the 
antiferromagnetism film 53 directly by performing membrane formation of the ferromagnetic 
laminating unit 51 and the antiferromagnetism film 53 in an one direction magnetic field. In 
addition, since magnetization of the ferromagnetic in the ferromagnetic laminating unit 51 which 
carries out switched connection to the antiferromagnetism film 53 fixes, CoFe monolayer with 
soft magnetism low a little may be used instead of the ferromagnetic laminating unit 51. 
Moreover, the CoFe/Cu interface which carried out ferro association does not necessarily need 
to be flat, and as shown in drawing 36 , the same effect is demonstrated also where layer-like 
CoFe is intermingled in Cu film. 

[0199] It is the ferromagnetic laminating unit 51 4 (Co90Fe101 nm/Cu1.2nm) The magnetization 
curve and resistance law (the directions of a magnetic field are the easy shaft orientations) of a 
magneto-resistive effect element which considered as the film, used the nonmagnetic membrane 
52 as Cu film with a thickness of 2.5nm t used the antiferromagnetism film 53 as the FeMn film 
with a thickness of 10nm, and used the protective coat 54 as Cu film with a thickness of 6nm 
are shown in drawing 37 and drawing 38 , respectively. In addition, resistance was measured by 4 
terminal method. 

[0200] Magnetization has joined together in antiferromagnetism between two ferromagnetic 
laminating units 51 by H>800 A/m, and magnetization has joined together in ferromagnetism 
between two ferromagnetic laminating units 51 by H<500 A/m so that drawin g 37 and drawing 3 8 
may show. That is, it turns out that magnetization is changing from ferromagnetic-like ^ 
association to antiferromagnetism-association between H= 500 - 800 A/m. Resistance is 
changing in few magnetic field fields of this H= 500 - 800 A/m, i.e., few hystereses, a lot, and 
resistance rate-of-change deltaR/R at this time is 8%. 

[0201] The magnetization curve and resistance law of a magneto-resistive effect element (what 
transposed the ferromagnetic laminating unit 51 to Co90Fe10 monolayer) of spin bulb structure 
which are shown in drawing 35 which consists of Co90Fe10 monolayer for a comparison are 
shown in drawing 39 and drawing 40 , respectively. 

[0202] Compared with resistance change of drawin g 38 f a hysteresis with it exists in a 
magnetization curve so that drawing 39 and drawing 40 may show. [ a large consequently 
hysteresis and ] [ to a resistance law ] [ big ] Moreover, deltaR/R is about 6.5% and is a value 
smaller than resistance change of drawing 37 . 

[0203] From the above explanation, since soft magnetism is good, a big resistance change can be 
obtained by few magnetic fields and a Co90Fe10/Cu interface exists in the interior of a 
ferromagnetic laminating unit further, the magneto-resistive effect element of spin bulb structure 
using the ferromagnetic cascade screen of this invention is understood that resistance rate of 
change is large. 

[0204] Although the example of n cascade screen was described in detail (CoFe/Cu), this spin 
bulb structure can expect the same effect for the above also in the laminating of other 
ferromagnetics (for example, NiFe, NiFeCo, Co, etc.) and other nonmagnetic membranes (Cu 
radical alloy etc.). Next, in the spin bulb structure in drawing 35 , the resistance rate of change 
and He of easy shaft orientations at the time of changing the ferromagnetic laminating unit 51 
into various ferromagnetic joint multilayers are shown in the following table 5. 
[0205] 
[A table 5] 
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320 


6.3 



It turns out that He can be reduced compared with the spin bulb film (table 2 reference) using a 
monolayer magnetic film even if it uses the ferromagnetic multilayers of combination other than 
CoFe/Cu ? as shown in a table 5, and the resistance rate of change more than an EQC can be 
realized. 

[0206] (Example 23) The magnetization curve and resistance law at the time of using Co90Fe10 
monolayer with a thickness of 8nm per [ 51 ] ferromagnetic laminating by the side of the 
antiferromagnetism film 53 are shown in drawing 41 (A), drawing 41 (B) f and drawin g 42 , 
respectively, using Co90Fe10 with a Cu substrate film of with a thickness of 4nm and a 
thickness of 5nm as a ferromagnetic laminating unit 51 by the side of the substrate in drawing 
35 . 

[0207] By easy shaft orientations, He shows 800 or less A/m and a comparatively large value so 
that drawing 41 (A) may show, but difficult shaft orientations show the low value of 1 00 or less 
A/m so that drawing 41 (B) may show. Moreover, as drawing 42 shows, resistance rate-of- 
change deltaR/R is 2.8% in difficult shaft orientations 7.2% at easy shaft orientations. Thus, it is 
thought by difficult shaft orientations for ferro association between both ferromagnetism layers 
that that resistance rate of change is low has an inadequate anti-parallel magnetization array, 
and deltaR/R comparable as easy shaft orientations can be obtained by adding the bias magnetic 
field which promotes an anti-parallel magnetization array with a hard magnetic film etc. That is, 
even if it uses the cascade screen of Cu substrate film and Co90Fe10 film, both good soft 
magnetism and high deltaR/R are obtained. 

[0208] (Example 24) The laminating of the ferromagnetic laminating unit 51 used in the example 
22 on the substrate 50 and the nonmagnetic membrane 52 which has different thickness from 
the non-magnetic layer in the ferromagnetic laminating unit 51 was carried out twice [ at least ] 
or more by turns. Furthermore, the protective coat 54 was formed on the nonmagnetic 
membrane 52 of the maximum upper layer. This protective coat 54 is formed if needed. The 
magneto-resistive effect element which finally forms the electrode terminal 55 for supplying 
current to the edge section, and is shown in drawing 43 was produced. It is the ferromagnetic 
laminating unit 51 4 (Co90Fe101 nm/Cu0.6nm) Although it considered as the film, the non- 
magnetic layer 52 was used as Cu film with a thickness of 2.2nm and the count n of a laminating 
was set to 8, the magnetization curve and resistance law of difficult shaft orientations are shown 
in drawing 4 4 and drawing 45 . 

[0209] The saturation magnetic field Hs shows 6000 A/ m and a comparatively small value, and 
He shows 240 A/m and a small value so that drawing 44 and drawing 45 may show. At this time, 
resistance rate of change is 12% or less, and the hysteresis of the magnetic field with which 
resistance change is saturated corresponds with He of a magnetization curve mostly almost in 
accordance with the saturation magnetic field Hs in a magnetization curve. Thereby, it turns out 
by few magnetic fields that big resistance rate of change is shown. 

[0210] (Example 25) 16 (Co90Fe101 nm/Cu1.1nm) cascade screens 61 were formed on the field 
(1 10) of the MgO substrate 60 into which the mirror plane condition was processed. A metal 
mask is used for this cascade screen 61, and it is 2 1x8mm. Patterning was carried out to the 
shape of a stripe. Subsequently, the electrode terminal 62 for supplying current to the edge 
section was formed on the cascade screen 61, and the magneto-resistive effect element was 
produced. In addition, Cu film with a thickness of 5.5nm may be formed as a protective coat on a 
cascade screen 61. Moreover, the presentation of a CoFe system alloy film is what big 
resistance rate of change is shown for [the Magnetics Society of Japan and 16,313 (1992)]. And 
it was referred to as Co90Fe10 from the point of soft magnetic characteristics. 
[021 1] In this case, on the field (110) of the MgO substrate 60, it formed from Co90Fe10 film. It 



http://www4.ipdljpo.gojp/cgi-bin/tran_web_cgi_eije 



2003/12/22 



34/48 ^— v 



is because 10% or more of big resistance change cannot be obtained if it forms from Cu film. In 
drawing 46 , the wave line shown in the cascade screen 61 shows the cross section of the main 
growth side. MR sense current (Is) is passed in the direction in which this main growth side is 
swinging. 

[0212] Here, the plural coincidence sputtering system was used as membrane formation 
equipment which forms a cascade screen 61. This sputtering system has composition Co90Fe10 
target can carry out DC spatter of RF spatter and the Cu target, passes the substrate which 
impressed direct-current bias by turns on each target, and forms membranes. In addition, 
cryopump was used for the main exhaust air pump. After exhausting the inside of a vacuum 
chamber to 5x10 to 7 or less Torrs using this membrane formation equipment, Ar gas was 
introduced in the vacuum chamber and sputtering was performed as about 3 mTorr. 
[0213] The resistance rate of change and the crystal structure of a magneto-resistive effect 
element which were acquired were investigated. In addition, resistance rate of change measured 
resistance change of the direction of a static magnetic field with the four probe method. The 
current density at this time is 2.0 - 2.5 kA/cm2. It carried out. Moreover, the crystal structure 
was evaluated by measuring the rocking curve about a theta-2theta scan and the main 
diffraction side with an X-ray diffraction method by the following Measuring conditions. 
[0214] X diffraction Measuring condition (1) theta~2theta scan Cu-Kalpha, 40kV, 200mA scan 
width-of-face:2theta=2 - 100-degree step size:0.03-degree coefficient time amount : 0.5-second 
(2) rocking curve Cu-Kalpha, 40kV, 200mA scan width-of-face:2 theta= 20-60-degree step 
size:0.04-degree coefficient time amount : An X diffraction curve with the th eta— 2th eta scan of 
the cascade screen of a magneto-resistive effect element is shown in drawing 47 (A) and 
drawing 47 (B) for 0.5 seconds. As shown in drawing 47 (B), the strong diffraction peak 
equivalent to fee phase (220) side reflection can be checked near 2 theta= 75 degree. Thereby,, 
an X diffraction curve shows that the main growth side of a cascade screen is a fee phase (220) 
side which has distortion in an one direction. In addition, the peak near [ in drawin g 47 (A) ] 2 - 
theta= 4 degree is diffraction by the laminating period (- 2.1 nm). 

[0215] Next, the rocking curve was measured from [100] shaft orientations and [1 10] shaft 
orientations about this main growth side. The result is shown in drawing 48 (A) and drawing 48 
(B). The rocking curve measured from [110] shaft orientations is shown in drawing 48 (A). One 
peak can be checked at about theta= 38 degrees from this. On the other hand, the rocking curve 
from [100] shaft orientations is shown in drawing 48 (BX Existence of two peaks, theta= 33 
degrees and near 41 degree, can be checked from this. 

[0216] The conceptual diagram of the membrane structure judged by drawing 49 (A) and drawing 
49 (B) from the rocking curve of drawing 48 is shown. The layer which surged in drawing 49 (A) 
shows the fee phase (1 10) side of the main growth side. Although the average crystal growth 
side measured with a theta~2theta scan X-ray diffraction method is (110), this (110) field is 
swinging to [100] shaft orientations. On the other hand, the fluctuation of [1 10] shaft 
orientations is very small. This corresponds to two peaks ([100] shaft-orientations 
measurement) of the rocking curve shown in drawing 48 (B) f and one peak ([110] shaft- 
orientations measurement) shown in drawing 48 (A). 

[0217] The component distribution in a film surface of the normal of this growth side was shown 
in drawing 49 (B). By big fluctuation of [100] shaft orientations, the anisotropy in this film surface 
is large to [100] shaft orientations, and serves as small field internal division cloth at [110] shaft 
orientations. When it passes to [100] shaft orientations to being about 30%, the resistance rate 
of change (**R/R) at the time of passing MR sense current to [110] shaft orientations shows 
about 35%, so that it may mention later. 

[0218] Next, the magnetic properties of this cascade screen were measured. The magnetization 
curve based on the result is shown in drawin g 50 (A) and drawing 50 (B). Drawing 50 (A) shows 
the magnetization curve at the time of impressing an external magnetic field H in parallel with 
[100] shafts, and drawing 50 (B) shows the magnetization curve at the time of impressing an 
external magnetic field H in parallel with [110] shafts. In addition, the magnetic properties of a 
magneto-resistive effect element were measured by maximum impression magnetic field 1.2 
MA/m with the oscillatory type magnetometer (VSM). Moreover, the amount M of magnetization 
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of a magnetization curve standardized and showed saturation magnetization Ms. 

[0219] As drawing 50 (A) and drawing 50 (B) show, [100] shafts are easy axes and [110] shafts 

are hard axes. At this time, the saturation magnetic fields of an easy axis are about 240 kA/m, 

and the saturation magnetic fields of a hard axis are about 960 kA/m. 

[0220] Thus, in this example, the cascade screen which carried out the laminating of a 

ferromagnetic and the nonmagnetic membrane by a unit of at least 1 time one by one on the 

substrate is provided, and the magneto-resistive effect element characterized by being set up in 

the direction which the direction of sense current meets in the direction of fluctuation of the 

crystal orientation side of said cascade screen is offered. 

[0221] In this example, the normal of the main crystal orientation side of a cascade screen has a 
component within a film surface by fluctuation of a crystal orientation side, and the component 
in the film surface has an anisotropy. Or the normal of the plane defect generated in a crystalline 
cascade screen has the fluctuation into a film surface, and this fluctuation has an anisotropy 
within a film surface. The direction where the anisotropy is strong is a direction where a 
ferromagnetic atom and a nonmagnetic atom tend to be intermingled in the atomic plane which 
carries out film growth. 

[0222] The probability an electron carries out [ probability ] spin dependence dispersion 
becomes high by passing sense current in the direction in which the anisotropy by the direction* 
i.e., the component in a film surface, becomes the largest. Consequently, a magneto-resistive 
effect element shows higher resistance rate of change. 

[0223] (Example 26) The bias impressed to a substrate was changed and the various magneto- 
resistive effect elements which have the same laminating membrane structure as an example 25 
were produced. The bias voltage dependency of resistance rate of change is shown in drawing 
51 . In addition, current was passed and measured in parallel with the [100] shafts and [110] 
shafts which intersect perpendicularly in the field (110) of a MgO substrate, respectively. [100] 
shafts show, and each shaft has the weak bias dependency of resistance rate of change, and it 
shows about 30% of value with [110] shafts about 35% so that drawing 51 may show. That is, it 
turns out that the [100] shafts have resistance rate of change larger than [110] shafts. 
[0224] (Example 27) The magneto-resistive effect element was produced like the example 25 
except using a cascade screen as 16 (Cu2 nm/Co90Fe101nm) films. 

[0225] Thus, when the thickness of Cu film was made to increase to 2nm, the resistance rate of 
change when passing current to [100] shaft orientations was about 25%, and was about 19% in 
[110] shaft orientations. Therefore, even if it makes the thickness of Cu film increase, it turns 
out that the direction dependency of this resistance rate of change is maintained. As were 
shown in the rocking curve of the main growth side (fee phase (220) side) also in this case at 
drawing 48 (B) and [100] shafts showed to two peaks and drawing 48 (A), one peak was checked 
with [110] shafts. 

[0226] In addition, even if it changes the thickness of Cu film, and the thickness of Co90Fe10 
film from 0.3nm to 10nm with the same configuration, respectively, the orientation of a rocking 
curve is not different from the above, and fluctuation is [ orientation ] larger [ the [100] shafts ]. 
Moreover, the way of [100] shafts showed large orientation also for resistance rate of change. 
[0227] Moreover, even if it changed the count of a laminating from 2 to 70 with the same 
configuration, the orientation of a rocking curve and resistance rate of change did not change, 
but bigger [ resistance / pass / to [100] shaft orientations / sense current ] change was 
obtained. 

[0228] (Example 28) The magneto-resistive effect element was produced like the example 26 
except using a cascade screen as 16 (Ru1 nm/Co90Fe101nm) films. 

[0229] **R/R of this magneto-resistive effect element was larger than the case where the 
direction in the case of passing sense current to [100] shaft orientations passes sense current 
to [110] shaft orientations. Moreover, the aforementioned orientation was accepted even if it 
changed the thickness of Ru film. 

[0230] This phenomenon has been checked even when Co film was used instead of Co90Fe10 
film. Moreover, even if it used Ag, Au, Pd, Pt, and Ir for the material of a cascade screen in 
addition to Ru, the difference of **R/R by the shaft orientations on the field (110) of a MgO 
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substrate has been checked. - 

[0231] (Example 29) The magneto-resistive effect element was produced like the example 25 

except using a cascade screen as 16 (Cu1.1 nm/nickel80Fe201.5nm) films. - 

[0232] When sense current was passed to the [100] shaft orientations of the cascade screen of 

this magneto-resistive effect element, that resistance rate of change was 21%. On the other 

hand, the resistance rate of change at the time of passing sense current to [1 10] shaft 

orientations was 17%. Moreover, also in this cascade screen, [ field / of a Co90Fe10/Cu cascade 

screen ], a crystal growth side is a fee phase (110) side, and rocking curve measurement showed 

at him that the growth side was swinging at [100] shaft orientations. In addition, the same 

orientation was shown even if it changed the thickness of nickel80Fe20 film, and the thickness of 

Cu film with 0.5nm - 50nm. 

[0233] Moreover, even if it used Co, a CoFe alloy, a NiFe alloy, Fe, a FeCr alloy, etc. as a 
material of a ferromagnetic and used Cu, Au, Ag, Cr, Ru, a CiNi alloy, etc. as a material of a 
nonmagnetic membrane, when the crystal orientation and the direction of sense current where 
the main growth side of a cascade screen is swinging were parallel, it turned out that big 
resistance rate of change is shown. 

[0234] (Example 30) Co film with a thickness of 1.5nm, germanium film with a thickness of 50nm, 
and Au film with a thickness of 1.5nm were formed on the field (110) of a GaAs substrate. 
Furthermore, 20 cascade screens which use the MBE method on it and are shown in drawing 53 
(Cu0.9 nm/Co90Fe101nm) were formed. 69 in drawing shows Cu film and 71 shows Co90Fe10 
film. Furthermore, germanium film with a thickness of 5nm was formed as a protective coat on 
the cascade screen, and the magneto-resistive effect element was produced. This cascade 
screen showed fee phase (111) side growth. At this time, resistance rate of change showed 
about 1 5% regardless of the direction of sense current. 

[0235] Next, it carried out to 0.8nm in thickness of Au substrate film, and the magneto-resistive 
effect element was produced for the other structure like the above. 
[0236] When two obtained magneto-resistive efFect elements were observed with the 
transmission electron microscope, that whose thickness of Au substrate film is 1 .5nm was what 
there is almost no lattice defect and has very good crystallinrty. On the other hand, although that 
whose thickness of Au substrate film is 0.8nm showed {111} plane orientation, the stacking fauft 
was observed when {100} sides slid on <110> shaft orientations. Moreover, when the resistance 
rate of change of the <21 1> shafts in this magneto-resistive efFect element and <110> shaft 
orientations was measured, in <110> shaft orientations, it is about 15% f and was increasing with 
17% in the <21 1> directions. Consequently, when a defect with directivity enters shows that the 
direction dependency of the sense current of resistance rate of change occurs. 
[0237] Atomic arrangement drawing of the cascade screen in drawing 52 is shown in drawing 53 . 
The number of the interfaces which encounter per unit length differs by the case where current 
flows in the <21 1> directions, and the case where it flows in the <1 10> directions, and when 
{100} atomic planes shift in the <1 10> directions shows many [ in the <21 1> directions ]. It 
turned out that the crystal orientation dependency of the number of spin dependence interface 
dispersion sites of conduction electron by the lattice defect with such directivity to produce was 
generated by the twin crystal defect besides the stacking fault mentioned above. Below, the 
example is explained. 

[0238] Au substrate film with a thickness of 3nm was formed on the field (100) of a GaAs 
substrate, and 16 (Co90Fe101 nm/Cu1.1nm) cascade screens were further formed on it. This 
cascade screen showed fee phase (100) plane orientation. At this time, twin crystal was 
generated by making <1 1 1> shafts into a medial axis. The atomic arrangement at the time of 
observing a cascade screen cross section from <1 10> is shown in drawing 55 . As drawing 54 
shows, when twin crystal is generated in the circumference of <1 1 1> shafts shows that an 
interface with Cu, Co, or Fe atom appears in the <110> directions. 

[0239] The sense current direction dependency of the resistance rate of change of this cascade 
screen was measured in <1 10> shafts and <100> shaft orientations. Correlation with the twin 
plane of a cascade screen and the direction of current which carried out {100} side growth, and 
resistance rate of change is shown in drawing 55 . Resistance rate of change shows 1 8%, when 
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sense current is passed to <1 10> shaft orientations, and when sense current is passed to <100> 
shaft orientations, it shows 16% of value, so that drawing 55 may show. Thus, the resistance rate 
of change of the <1 10> shafts which cross at {1 1 1} sides and a big angle appeared highly. On the 
other hand, when twin crystal was not generated, the sense current direction dependency of 
resistance rate of change was not able to be checked. 

[0240] (Example 31) 16 (Cu1.1 nm/Co81Fe9 Pd101nm) artificial grids films were formed on the 
glass substrate. Membrane formation of an artificial grid film was performed impressing direct- 
current bias to a substrate. The magnitude of the direct-current bias to impress is changed, 
resistance rate of change is measured, and the dependency (bias dependency) of the direct- 
current bias impressed to a substrate is shown in drawing 56 . 

[0241] Resistance rate of change increases and shows about 28% of maximal value by bias~50V 
as direct-current bias is made to increase so that drawing 56 may show. Furthermore, when 
direct-current bias is enlarged, resistance rate of change decreases. 

[0242] When the crystallinity of the various artificial grid films which direct-current bias was 
changed and were produced was evaluated, the main growth side of all artificial grid films was fee 
phase (111) side growth. Here, each bias dependency is shown in drawing 57 and drawing 58 
about the peak intensity of the main growth side reflected from the fee phase (111) side which 
appears in the long period structure reflectivity and near 2 theta= 44 degree. [ which appear near 
2 theta= 4 degree reflected from the laminating period (2.1 nm) ] 

[0243] Although some maximum is shown in about bias-20V about the bias dependency of long 
period structure reflectivity so that drawing 57 may show, especially bias and strong correlation 
cannot be referred to as being. Moreover, although some maximum is shown in the bias-10V 
neighborhood also about the bias dependency of fee phase (111) side reflectivity so that drawing 
58 may show, bias and strong correlation cannot be referred to as being. 

[0244] The structure of an interface becomes moreover, less sensitive [ compared with the case 
where bulk dispersion of spin dependence dispersion becomes large, and Co system film is used 
as a ferromagnetic ] by using the CoFe alloy system as a ferromagnetic. In addition, when using 
Co system film as a ferromagnetic, depending for resistance rate of change on membrane 
structure greatly is reported. 

[0245] Next, the bias dependency of coercive force (He) is shown in drawing 59 . Although about 
bias-50V shows the good soft magnetic characteristics of 200 or less A/m, coercive force 
begins to increase from about -60V to it, so that drawing 59 may show. Therefore, the optimum 
conditions of resistance rate of change and coercive force can be chosen by choosing the 
magnitude of the direct-current bias to impress. In addition, even when Si substrate, a ceramic 
substrate, a GaAs substrate, and germanium substrate were used instead of a glass substrate, 
the optimum point of resistance rate of change and coercive force was able to be selected 
similarly. 

[0246] (Example 32) Here, the example of this invention which detects a signal magnetic field by 
magnetization rotation of two ferromagnetic both who have the spin dependence scattering 
power force is explained. 

[0247] As shown in drawing 60 , sequential formation of the substrate film 81 for orientation 
control of an antiferromagnetism film, the antiferromagnetism film 82, the ferromagnetic 83 that 
has the spin dependence scattering power force, a nonmagnetic membrane 84, a ferromagnetic 
85, and the antiferromagnetism film 82 was carried out on the substrate 80. Furthermore, the 
electrode terminal 86 was formed on the antiferromagnetism film 82 of the maximum upper layer. 
A protective coat may be formed if needed on this antiferromagnetism film 82. In addition, the 
material of the substrate film 81 has the desirable metal which has magnetic fee phases, such as 
Cu alloys, such as Cu, CuV, and CuCr, a nonmagnetic fee phase or NiFe(s), such as Pd, and 
CoFeTa, when the antiferromagnetism film 82 consists of FeMn. Even if thickness is [ the 
magnetic material ] thinner at this time (that is, there is little shunt splitting), good exchange bias 
can be given. The antiferromagnetism film 82 consists of FeMn, NiO, PtMn, etc., and the 
thickness is 5-50nm. Ferromagnetics 83 and 85 consist of NiFe, Co, CoFe, NiFeCo, etc., and the 
thickness is 0.5~20nm. A nonmagnetic membrane 84 consists of Cu, Au, Ag, etc., and the 
thickness is 0.5-1 Onm. Moreover, it is not necessary to form the antiferromagnetism film 82 all 
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over a ferromagnetic 85, and it may be formed only in the edge section (about 86 electrode 
terminal) of both the sides of a ferromagnetic 83. >: 
[0248] Here f at least during membrane formation of a ferromagnetic 83, the static magnetic field 
of an one direction is added in the x directions (the direction of sense current) of [ in drawing 
60 ]. Consequently, a switched connection bias magnetic field joins a ferromagnetic 83 in the 
direction of a static magnetic field. On the other hand, a static magnetic field is added in the 
direction (minus x direction) different 180 degrees from the direction of a magnetic field added 
during membrane formation of a ferromagnetic 83 during membrane formation of the 
antiferromagnetism film 82 at least. Consequently, a switched connection bias magnetic field is 
added in the direction different 180 degrees in a ferromagnetic 83 at a ferromagnetic 85. 
Consequently, two ferromagnetics 83 and the angle which magnetization of 85 makes become 
anti-parallel in the state of the signal magnetic field 0. In addition, the signal magnetic field Hs is 
added in the direction of y in drawing. 

[0249] There is also a method shown below among the methods of impressing the bias magnetic 
field of an opposite direction to ferromagnetics 83 and 85 with the antiferromagnetism film 82. 
Using the film which has Neel temperature which is different as two antiferromagnetism films 82, 
respectively, static magnetic field heat treatment is performed above such Neel temperature, 
and the 1 80 degrees of the directions of a static magnetic field are reversed at a middle 
temperature of the Neel temperature of both the antiferromagnetism film 82 during a 
temperature fall. Consequently, the bias magnetic field to an opposite direction can be given to 
ferromagnetics 83 and 85. 

[0250] In this example, since magnetization rotation of the ferromagnetic which the exchange 
bias from an antiferromagnetism film joined is used unlike the film of the conventional spin bulb 
structure, as for the exchange bias magnetic field, it is desirable that rt is the magnetic field 
which is not strong out of the degree which controls a Barkhausen noise. For example, although 
it differs according to the width of recording track of an application arm head etc., it is 5kA/nrrat 
the maximum. However, by the film of the present spin bulb structure, although it is common to 
use the exchange bias magnetic field by the antiferromagnetism film which consists of FeMn, if 
the direct laminating of a FeMn film and the ferromagnetics, such as a NiFe film, is carried out in 
this case, the exchange bias of 10 or more kA/m will arise. In order to reduce the exchange bias, 
there are a method of inserting the film for exchange bias compensation, for example, the low 
ferromagnetic and low nonmagnetic membrane of saturation magnetization, in the middle of an 
antiferromagnetism film and a ferromagnetic and a method of making nonmagnetic membranes 87 
and 88 intervene in each film of ferromagnetics 83 and 85, namely, dividing ferromagnetics 83 
and 85 into 83a, and 83b, 85a and 85b, respectively, as shown in drawing 61 . 
[0251] Although strong exchange bias joins the ferromagnetics 83a and 85a of the side which 
touches the antiferromagnetism film 82 by the method of making a nonmagnetic membrane 
intervening in a ferromagnetic, weak exchange bias joins the ferromagnetics 83b and 85b of the 
side which does not touch the antiferromagnetism film 82. The magnitude of the exchange bias 
to the ferromagnetics 83b and 85b of the side which does not touch the antiferromagnetism film 
82 can be reduced by the class of material of nonmagnetic membranes 87 and 88, or its 
thickness. 

[0252] Although the angle which magnetization of Ferromagnetics 83a and 83b makes here, and 
the angle which magnetization of Ferromagnetics 85a and 85b makes change from a 
ferrbmagnetism-array to an antiferromagnetism-array by the magnetization rotation by the signal 
magnetic field, the angle which magnetization of the ferromagnetics 83b and 85b in a film center 
section makes changes from an antiferromagnetism-[ reverse ] array to a ferromagnetism-array. 
Therefore, spin dependence dispersion of the former and the latter is offset. Then, as a material 
of Ferromagnetics 83a and 85a and nonmagnetic membranes 87 and 88, there is no spin 
dependence scattering power force, and it is desirable that it is the thing of high resistance. 
Furthermore, as for the thickness of the ferromagnetics 83a and 85a of the side which touches 
the antiferromagnetism film 82, it is desirable to make it small compared with the thickness of 
the ferromagnetics 83b and 85b of the side which does not touch the antiferromagnetism film 82. 
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[0253] By things, the magnetization direction of ferromagnetics 83 and 85 can be arranged with 
anti-parallel by the magnetic field 0 making it be the above. Consequently, even when a signal 
magnetic field is added to the difficult shaft orientations (the direction of y in drawing) suitable 
for the magnetic head, the condition that the angle which the magnetization between both 
ferromagnetics makes by magnetization rotation of both ferromagnetics changes to 0-180 
degrees can be realized, and high resistance rate of change comparable as easy shaft 
orientations can be realized [ 1st ]. Since a bias magnetic field joins two ferromagnetics, to the 
2nd, a magnetic domain wall can be abolished from both ferromagnetics, and a Barkhausen noise 
can be controlled to it. By the method by which the 3rd and sense current and a signal magnetic 
field cross at right angles, conventionally, by spin bulb structure, when the offset NiFe film is 
used, it can serve as the remarkable usual magneto-resistive effect and the resistance change 
by spin dependence dispersion, and increase of **R/R can be expected. 
[0254] (Example 33) The example 32 showed how to carry out magnetization of both 
ferromagnetics to anti-parallel using two antiferromagnetism films, however, the anti-magnetic 
field produced when it is not necessary to necessarily add a bias magnetic field only by the 
antiferromagnetism film and a leakage magnetic field and a detailed configuration are processed 
from a hard magnetic film — also using — it is good. Next, the example is explained. 
[0255] The ferromagnetic 91 which has the spin dependence scattering power force, the 
nonmagnetic membrane 92, and the ferromagnetic 93 were formed on the substrate 90 so that 
drawing 62 might show. The thickness of ferromagnetics 91 and 93 and a nonmagnetic membrane 
92 presupposed that it is the same as that of an example 32. The antiferromagnetism film 94 
with a thickness of 2-50nm was formed on it, and exchange bias was impressed to the 
ferromagnetic 93. Furthermore, the hard magnetic film 95 which consists of CoPt with a 
thickness of 10-50nm and CoNi was formed on it. The electrode terminal 96 was formed on the 
hard magnetic film 95. All membrane formation was performed in the static magnetic field (x in 
drawing direction). 

[0256] Subsequently, the magnetic field of 400 - 800 kA/m was added in the same direction as 
the direction of an exchange bias magnetic field by the antiferromagnetism film 94, and the hard 
magnetic film 95 was magnetized in the x directions. Consequently, the bias magnetic field joined 
the ferromagnetic 91 in the minus x direction by the leak magnetic field from the edge section of 
the hard magnetic film 95, and magnetization of ferromagnetics 91 and 93 changed into the anti- 
parallel condition. In addition, although the bias magnetic field from the hard magnetic film 95 
also joins a ferromagnetic 93, the anti-parallel magnetization condition mentioned above is 
realizable by setting up the exchange bias force so that the direction of the exchange bias 
magnetic field from the antiferromagnetism film 94 may become strong. In addition, it is not 
necessary to form the hard magnetic film 95 and the antiferromagnetism film 94 all over a 
ferromagnetic 93, and you may form only in the edge section (about 96 electrode terminal) of a 
ferromagnetic 93. 

[0257] In addition, the ferromagnetic near soft magnetism can also be used for 95 of d rawin g 62 
instead of a hard magnetic film. In this case, it is necessary to carry out the laminating of the 
ferromagnetic near soft magnetism so that exchange bias may be added from the 
antiferromagnetism film 94. If exchange bias joins a ferromagnetic 95, since magnetization of a 
ferromagnetic 95 can be fixed to an one direction, it can give in the direction different 1 80 
degrees from the exchange bias magnetic field from the antiferromagnetism film 94 which joins a 
ferromagnetic 93 by processing into a detailed pattern configuration indispensable to a magneto- 
resistive effect the magnetostatic joint bias magnetic field stabilized even if external magnetic 
fields, such as a signal magnetic field, were added at a ferromagnetic 91. At this time, the bias 
magnetic field of desired reinforcement can be given to a ferromagnetic 91 by adjusting the 
thickness and the saturation magnetization of a ferromagnetic 95. 

[0258] Moreover, desired shunt splitting operating point bias can be given by adjusting the . 
resistivity and thickness of a ferromagnetic 95. Here, in a ferromagnetic 95, it is difficult to be 
compatible in the property (for the antiferromagnetism film 94 and a crystalline ferromagnetic 
with same crystal structure and lattice constant, for example, a NiFe film, a CoFe film, a CoFeTa 
film, and a CoFePd film to be desirable since it grows epitaxially with the antiferromagnetism film 
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94) required of carrying out switched connection to the antiferromagnetism film 94, and the 
property required of magnetostatic joint bias or operating point bias (by the above-mentioned 
crystalline film, resistivity is too low). Then, as for a ferromagnetic 95, it is desirable that it is the 
two-layer structure in which the magnetic films for switched connection (NiFe, CoFe system 
ferromagnetic, etc.) which touch the antiferromagnetism film 94, and the ferromagnetics for bias 
(carbonization microcrystal films, such as nitriding microcrystal films, such as Co system 
amorphous film and FeTaN, or FeZrC etc.) carry out ferromagnetic switched connection by the 
interface. 

[0259] In the case of the structure shown in d raw ing 62 , since the sense current from an 
electrode terminal 96 carries out splitting to the hard magnetic film 95, it is not avoided that 
deltaR/R decreases to some extent. This problem is solvable with the structure shown in 
drawing 63 - drawing 65 . 

[0260] That is, as shown in drawing 63 , on a substrate 90, even the antiferromagnetism film 94 
forms membranes like drawing 62 , and the hard magnetic film 95 is formed near both the sides 
of the antiferromagnetism film 94 after that. An electrode terminal 96 is formed in the inside at 
the gap equivalent to the width of recording track. Consequently, it can prevent that sense 
current flows to the hard magnetic film 95, and the fall of deltaR/R can be controlled. 
[0261] On the other hand, as shown in drawin g 64 , the hard magnetic film 95 is formed in the 
beginning on a substrate 90, on it, sequential formation of a ferromagnetic 91, a nonmagnetic 
membrane 92, a ferromagnetic 93, and the antiferromagnetism film 94 is carried out through an 
insulator layer 97, and an electrode terminal 96 is formed further. At this time, a static magnetic 
field is added during membrane formation, and a predetermined exchange bias magnetic field is 
added to a ferromagnetic 93 from the antiferromagnetism film 94. The hard magnetic film 95 is 
magnetized in this direction of exchange bias, and the same direction after membrane formation. 
It can prevent that can impress the bias magnetic field of an opposite direction to 
ferromagnetics 91 and 93, and current moreover flows to the hard magnetic film 95 also by this 
method. In addition, an insulator layer 97 has the effect which prevents adding an excessive bias 
magnetic field by the switched connection of the hard magnetic film 95 and a ferromagnetic 91. 
[0262] Moreover, as shown in drawing 65 , sequential membrane formation of a ferromagnetic 91, 
a nonmagnetic membrane 92, a ferromagnetic 93, and the antiferromagnetism film 94 is carried 
out on a substrate 90. Next, micro processing of this cascade screen is carried out to a 
predetermined configuration. This micro processing forms a mask using a resist etc., and 
performs it by ion milling etc. Then, the hard magnetic film 95 is formed in the side of a 
ferromagnetic 91 by the lift-off method using this remaining mask. Finally, with the exchange bias 
which joins a ferromagnetic 93, the hard magnetic film 95 is magnetized to hard flow. It can 
prevent that can impress the bias magnetic field of an opposite direction to ferromagnetics 91 
and 93, and current moreover flows to the hard magnetic film 95 also by this method. 
[0263] (Example 34) It sets in the spin bulb structure shown in drawing 61 , and is 1at% on a 
glass substrate 80. Cu substrate film with a thickness [ containing Cr ] of 5nm, As an 
antiferromagnetism film 82, as a FeMn film with a thickness of 15nm and ferromagnetic 83a 
nickel80Fe20 film with a thickness of 1nm, It is 1at% as a nonmagnetic membrane 87. Cu film with 
a thickness [ containing Cr ] of 1 .5nm, As ferromagnetic 83b, as nickel80Fe20 film with a 
thickness of 6nm and a nonmagnetic membrane 84 Cu film with a thickness of 2.5nm, It is 1at% 
as nickel80Fe20 film with a thickness of 6nm and a nonmagnetic membrane 87 as ferromagnetic 
85b. Sequential formation of the FeMn film with a thickness of 15nm was carried out as an 
antiferromagnetism film 82 at nickel80Fe20 film with a thickness of 1nm and the list as Cu film 
with a thickness [ containing Cr ] of 1.5nm, and ferromagnetic 85a. 

[0264] Membrane formation of these films was performed to the package, without breaking a 
vacuum by the 2 pole sputtering method in the static magnetic field by the permanent magnet. In 
addition, this permanent magnet is not attached in the substrate electrode holder in one. 
Moreover, at this time, it carried out on the conditions of 1x10-4 or less Pa of reserve exhaust 
pressures, and 0.4Pa of Ar gas pressure, and after membrane formation of a ferromagnetic 83 
was completed, 180 degrees of substrate electrode holders were rotated, and the 180 degrees of 
the directions of the bias magnetic field (about 4000 A/m) by the permanent magnet were 
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reversed. Thus, the cascade screen of spin bulb structure which can realize the anti-parallel 
condition of both ferromagnetic magnetization by the signal magnetic field 0 was produced. 
[0265] Resistance of the obtained cascade screen was measured by 4 terminal method. The 
voltage for 4mm was measured having added 1 mA constant current to the easy shaft 
orientations of ferromagnetics 83 and 85, and having specifically used width of face of the film of 
difficult shaft orientations as 1mm. The magnetic field was added to the difficult shaft 
orientations of ferromagnetics 83 and 85 by Helmholtz coils. Consequently, the acquired 
resistance-magnetic influence is shown in drawing 67 . 

[0266] In drawing 66 , resistance standardizes and shows the value in the maximum magnetic 
field (16 kA/m) to 1. Since an anti-parallel condition has magnetization of ferromagnetics 83 and 
85 in a magnetic field 0, resistance shows maximum. If a magnetic field is added, resistance will 
fall rapidly. By the magnetic field of 2000 or more A/m, especially resistance shows about 1 
constant value. It turns out that about 3.8% or less of resistance rate of change arises in [ few / 
magnetic field ] 2000 or less A/m. Moreover, a hysteresis and a noise are hardly accepted in this 
resistance-magnetic influence. That is, if the cascade screen of this spin bulb structure is used, 
the magnetic head with few noises can be remarkably obtained by high sensitivity. 
[0267] Furthermore, the spin bulb mold magneto-resistive effect element shown in drawing 60 
was produced, and the relation between the thickness of a non-magnetic layer 84 (Gu) and 
resistance rate of change was investigated. The result is shown in the following table 6. The 
FeMn film with a thickness of 10nm was used for the antiferromagnetism film 82 at 
ferromagnetics 83 and 85 at the substrate film using the NiFe film with a thickness of 8nm using 
the NiFe film with a thickness of 5nm. 



;0268] 
!A table 6] 


•t«l(Cu)g(nn) 


mm*) 


1.2 


9.1 


1.6 


5.7 


2.2 


3.9 


3.3 


3.0 



As shown in a table 6, when Cu thickness became thin, resistance rate of change increased 
rapidly, and by 1.2nm, 9% of high resistance rate of change was obtained for Cu thickness. Since 
the comparatively big anti-parallel bias magnetic field of 50 kA/m has joined the ferromagnetic 
83 and the ferromagnetic 85 at each, this is because the antiferromagnetism magnetization array 
stabilized even if it made thickness of a nonmagnetic membrane 84 thin is realizable. When 
making non-magnetic layer (Cu) thickness thin to less than 2nm, unlike the conventional spin 
bulb mold magneto-resistive effect element for which an anti-parallel magnetization array 
collapses and resistance rate of change decreases sharply, the bias magnetic field of an opposite 
direction is added to both ferromagnetics 83 and 84, and resistance rate of change can be 
sharply increased by making thickness of a nonmagnetic membrane 84 thin. 
[0269] (Example 35) Next, the number of the ferromagnetics which have the spin dependence 
scattering power force is explained about an increase or the case where it carries out, more than 
three layer. 

[0270] The substrate film 101 for controlling the orientation of the antiferromagnetism film 102 
on a substrate 100 to be shown in drawing 67 , FeMn, The antiferromagnetism film 102 with a 
thickness of 5-50nm it is thin from NiO, PtMn, etc., CoFe, The ferromagnetic 103 with a 
thickness of 1-20nm it is thin from Co, NiFe, etc., Cu, The nonmagnetic membrane 104 with a 
thickness of 1-1 Onm it is thin from Au etc., the ferromagnetic 105 with a thickness of 1-20nm, 
the nonmagnetic membrane 106 with a thickness of 1-1 Onm, the ferromagnetic 107 with a 
thickness of 1-20nm, and the antiferromagnetism film 108 with a thickness of 5~50nm were 
formed. Here, even if all the thickness of a ferromagnetic 103,105,107 is equal, it may differ. 
Furthermore, on it, the protective coat was formed if needed and the electrode terminal 109 was 
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formed. In addition, membrane formation was performed in the static magnetic field. 
[0271] Exchange bias was added to ferromagnetics 103 and 107 from the antiferromagnetism 
films 102 and 108 in the one direction (x in drawing direction), respectively. Consequently, only 
the middle ferromagnetic 105 had high permeability and ferromagnetics 103 and 107 have 
realized fixing of low permeability, i.e., magnetization. The hard magnetic film 95 as shown not by 
the antiferromagnetism film but by drawing 63 may be used for fixing of this magnetization. In 
addition, although soft magnetism is not so good as a material of the ferromagnetics 103 and 107 
which touch the antiferromagnetism films 102 and 108, although resistance rate of change is not 
so high as a material of the middle ferromagnetic 105, when soft magnetism uses good NiFe 
using high Co and high CoFe of resistance rate of change, high resistance rate of change is 
realizable by the low magnetic field. 

[0272] Since the number of interfaces which magnetization rotation of the middle ferromagnetic 
105 took place easily by the low magnetic field, and minded the non-magnetic layer by such 
configuration increases twice compared with the film of the conventional spin bulb structure, the 
resistance rate of change exceeding the film of the spin bulb structure conventional by the low 
magnetic field is realizable. Moreover, since the ferromagnetic which carries out magnetization 
rotation by the signal magnetic field will be located in the center of this cascade screen, the 
turbulence of magnetization of the ferromagnetic by the sense current magnetic field is slight, 
and the stable signal detection becomes possible. In addition, if the bias method by hard 
magnetic film which was explained in the example 33, or the anti-magnetic field is used together, 
the angle which magnetization of ferromagnetics 103 and 107 and the middle ferromagnetic 105 
makes can be made anti-parallel by the signal magnetic field 0. Consequently, the magneto- 
resistive effect element of a low noise can be further obtained by high sensitivity according to 
the various effects stated in the example 32. 

[0273] (Example 36) Dr awing 68 shows [ four layer ] an increase and the cascade screen carried 
out for the number of the ferromagnetics which have the spin dependence scattering power 
force. 

[0274] On the substrate 100, sequential formation of the antiferromagnetism film 111, the 
ferromagnetic 1 12,1 14,1 16,1 18 of four layers which carried out the laminating through the non- 
magnetic layer 1 13,1 15,1 17, and the antiferromagnetism film 119 was carried out, and the 
electrode terminal 1 09 was formed on it so that sense current might flow in a signal magnetic 
field and this direction. Under the antiferromagnetism film 1 1 1, a protective coat is formed for 
the substrate film for orientation control on the antiferromagnetism film 1 19 if needed. The 
material of each film and thickness presupposed that it is the same as that of what was shown in 
drawing 67 . 

[0275] At least during membrane formation of a ferromagnetic 1 1 2, the static magnetic field was 
given in the x in drawing direction (truck cross direction), on the other hand, it was in the middle 
of subsequent membrane formation, and it was [180 degrees of the directions of a static 
magnetic field ] reversed, and the static magnetic field was given in the minus-among drawing x 
direction at least during membrane formation of the antiferromagnetism film 119. By the static 
magnetic field under this membrane formation, magnetization fixing [ according to an exchange 
bias magnetic field in a ferromagnetic 118] according to minus x direction in a ferromagnetic 112 
is produced in the x directions. Moreover, with this configuration, since the width of face of a 
ferromagnetic 112,114,116,118 will become narrow similarly if the width of recording track is 
narrow, an anti-magnetic field strong against that direction occurs. By this anti-magnetic field, 
magnetization of the middle ferromagnetics 114 and 116 which are not in contact with an 
antiferromagnetism film becomes magnetization and anti-parallel of ferromagnetics 112 and 118, 
respectively. That is, in the signal magnetic field 0, the magnetization which the ferromagnetic of 
four layers adjoins will be mutually fit for anti-parallel. 

[0276] In addition, when the anti-magnetic field to the middle ferromagnetics 114 and 1 16 is 
inadequate, it is desirable to add sense current in the direction of y in drawing so that the 
magnetic field generated according to sense current may be added in the minus x direction by 
ferromagnetics 112 and 114 and may be added in the x directions by ferromagnetics 116 and 
118. Here, if the exchange bias magnetic field from an antiferromagnetism film is set up so that it 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_eije 



2003/12/22 



43/48 v 



may become larger than a sense current magnetic field, magnetization of ferromagnetics 112 and 
118 can be fixed in the ^direction of exchange bias from an antiferromagnetism film, without being 
disturbed by the current magnetic field. 

[0277] By making it such a configuration, each magnetization direction of the ferromagnetic of 
four layers can be arranged in antiferromagnetism by the signal magnetic field 0. Therefore, 
deltaR/R increases corresponding to the increment in the number of interfaces. Moreover, since 
magnetization of each class can rotate when a signal magnetic field is added slightly, the 
magneto-resistive effect element using high sensitivity spin dependence dispersion is realizable. 
[0278] (Example 37) Next, magnetization of some ferromagnetics which have the spin 
dependence scattering power force is fixed, and the case where magnetization of the remaining 
ferromagnetics is arranged in the direction of a signal magnetic field and the different direction 
by the signal magnetic field 0 is explained. 

[0279] Drawing 69 shows the cascade screen a cascade screen and sense current and the 
direction of a signal magnetic field cross at right angles. Sequential formation of the cascade 
screen of the ferromagnetics 121 and 123 which have the spin dependence scattering power 
force in which the nonmagnetic membrane 122 was made to intervene on a substrate 120, and 
the antiferromagnetism film 124 was carried out. The material of each film and thickness 
presupposed that it is the same as that of what was shown in drawing 60 . If needed, after 
forming a protective coat on the antiferromagnetism film 124, the electrode terminal 125 was 
formed. 

[0280] Here, at least during membrane formation of a ferromagnetic 121, the static magnetip 
field was given in the direction of two bisectrices of the x axis in drawing, and the y-axis, on the 
other hand, at least during membrane formation of the antiferromagnetism film 124, 45 degrees 
was rotated with the direction of former, and the direction of the static magnetic field was given 
(the direction of y in drawing). Consequently, magnetization of a ferromagnetic 121 was given in 
the x directions of said static magnetic field, and magnetization of a ferromagnetic 1 23 fixed in 
the direction of a signal magnetic field by the bias magnetic field from the antiferromagnetism 
film 124. If according to such a configuration the angle which magnetization of both 
ferromagnetics makes in the signal magnetic field 0 becomes 45 degrees and a signal magnetic 
field is added in the magnetization fixing direction of a ferromagnetic 123, since the 
magnetization direction of both ferromagnetics will become a ferromagnetism-array, resistance 
decreases, and if a signal magnetic field joins reverse in the magnetization fixing direction and 
the direction different 180 degrees, since it becomes to an antiferromagnetism-[ the 
magnetization direction of both ferromagnetics ] array, resistance will increase. Therefore, in 
order to realize a line type response, the operating point bias which was required for the 
conventional magneto-resistive effect element becomes unnecessary. In addition, by this 
method, magnetization of a ferromagnetic 121 tends to incline towards the direction of y by the 
signal magnetic field 0 by ferromagnetism-association with ferromagnetics 121 and 123, and 
when a big signal magnetic field is added, there is orientation for a regenerative signal to tends 
to be distorted. This is avoidable by deciding the sense to which sense current flows so that the 
magnetic field and current magnetic field by this ferromagnetism-association may be offset so 
that the current magnetic field generated according to sense current may be added in this 
ferromagnetism joint direction and the direction different 180 degrees by the ferromagnetic 121. 
[0281] However, if the magnetization M of a ferromagnetic 121 inclines in the direction of 
magnetization M of a ferromagnetic 1 23 by the magnetic field by this ferromagnetism-association 
at reverse in using for a ferromagnetic 121 or 123 the film which has an anisotropy magneto- 
resistive effect, since the resistance change by the magnetic anisotropy and spin objection 
dispersion is overlapped, there is an advantage which can expect the improvement in sensitivity 
(since the directions of current are x directions). According to the condition that a magneto- 
resistive effect element is used, the means of the direction of current etc. actually needs to 
adjust the magnetization direction of a ferromagnetic 121. 

[0282] By the way, it is necessary to add a vertical bias magnetic field (bias magnetic field of the 
direction of 2 bisectrices of the x axis in drawing, and the y-axis) required for Barkhausen noise 
control in the example 37. For that, switched connection of the antiferromagnetism film as shown 
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in the example 32 is arranged and carried out to the substrate side of a ferromagnetic 121. Or as 
shown in drawin g 70 (A), the laminating of the ferromagnetic 126 with sufficient (He is smaller 
than the exchange bias magnetic field HUA) soft magnetism to some extent is carried out on the 
antiferromagnetism film 124, and the method of reversing the 135 degrees of the directions of a 
bias magnetic field under membrane formation in general, and adding the exchange bias magnetic 
field from a ferromagnetic 126 at a ferromagnetic 121 is at least all over the laminating of this 
ferromagnetic 126. In this case, since the film which is a spin dependence dispersion unit also 
achieves the duty of a substrate film, exchange bias can be easily given to the ferromagnetic 1 26 
which formed membranes on the antiferromagnetism film 124. Consequently, by the 
magnetostatic joint magnetic field (anti-magnetic field) generated when it is processed into the 
detailed pattern which actually fitted the reproducing head, since a vertical bias magnetic field 
can be added to a ferromagnetic 121, a Barkhausen noise can be controlled. 
[0283] In the example of drawing 70 (A), since the directions of exchange bias differ on film 
surface both the sides of the antiferromagnetism film 124, the direction of a bias magnetic field 
may become uneasy, the pole which does not check crystal growth although this weakens 
magnetic coupling for the antiferromagnetism film 124 in the middle as shown in drawing 70 (B) - 
- it is avoidable by separating into the antiferromagnetism films 124a and 124c through thin 
interlayer 124b (fee ****, such as Cu). As the example 32 described, in order to make 
controllable the direction of an exchange bias magnetic field by heat treatment at this time, as 
for the antiferromagnetism films 124a and 124c, it is desirable to consist of materials with which 
a Neel point differs from blocking temperature. Furthermore, a ferromagnetic 126 is thick, and 
since sense current will carry out splitting to a ferromagnetic 126 at this time although a desired 
vertical bias magnetic field cannot give a ferromagnetic 121 if Bs is not high, a high thing is 
desirable [ the resistivity of a ferromagnetic ]. Specifically, it is desirable to use the amorphous 
film of Co system or Fe system, and nitriding or a carbonization microcrystal film. However since 
it is hard to carry out switched connection of such a film to antiferromagnetism films, such as 
FeMn, it is desirable to carry out a laminating so that the laminating of the ferromagnetic 124b 
which is easy to carry out switched connection, such as very thin NiFe and CoFeTa, may be 
carried out to the portion which touches antiferromagnetism film 124a and ferromagnetic 
switched connection of the amorphous high Bs ferromagnetic 126a of high resistance may be 
carried out on rt 

[0284] (Example 38) Drawing 70 (C) shows a cascade screen with parallel sense current and 
direction of a signal magnetic field. It is the same as that of the configuration of drawing 69 
except the directions where sense current flows differing, and magnetization of a ferromagnetic 
121 being given in the x in drawing direction, and 90 degrees of membranous longitudinal 
directions rotating. If the angle which magnetization of both ferromagnetics makes by the signal 
magnetic field 0 in this configuration becomes 90 degrees and a signal magnetic field is added in 
the magnetization fixing direction of a ferromagnetic 123, since magnetization of both 
ferromagnetics will become a ferromagnetism-array, resistance decreases, and since it will 
become to an antiferromagnetism-[ magnetization of both ferromagnetics ] array if a signal 
magnetic field joins reverse in the magnetization fixing direction and the direction different 180 
degrees, resistance increases. Therefore, operating point bias becomes unnecessary in **. With 
this configuration, the current magnetic fields by sense current are the easy shaft orientations of 
a ferromagnetic 121, and it is effective in this magnetic field controlling a Barkhausen noise. 
[0285] Furthermore, in the example 38, it is added that magnetization of a ferromagnetic 121 
tends to incline in the direction of y for the ferro joint magnetic field which is easy to generate 
from a ferromagnetic 123. As the example 37 explained in detail, although a signal magnetic field 
dynamic range shrinks as for this ferromagnetic-like joint magnetic field, it has the advantage 
which superimposes an anisotropy magneto-resistive effect. In addition, since a current magnetic 
field joins a ferromagnetic 121, there necessarily needs to be no easy shaft of a ferromagnetic 
121 in the x directions. 

[0286] When Barkhausen noise depressor effect is inadequate, by removing the magnetization 
fixing direction of a ferromagnetic 123 from a signal magnetic field, a magnetostatic joint 
magnetic field occurs in the x in drawing direction, and a stronger Barkhausen noise control 
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magnetic field can be given to it. 

[0287] (Example 39) Drawing 71 shows the cascade screen at the time of making into three 
layers the ferromagnetic which has the spin dependence scattering power force. Drawing 71 
shows the case where sense current and a signal magnetic field intersect perpendicularly. 
Sequential formation of the cascade screen of the ferromagnetic 132,134,136 which has the spin 
dependence scattering power force in which the antiferromagnetism film 131 and nonmagnetic 
membranes 133 and 135 were made to intervene in a static magnetic field on a substrate 130 t 
and the antiferromagnetism film 137 was carried out. The electrode terminal 138 was formed on 
it. 

[0288] Here, the direction of a static magnetic field was made into the direction (the direction of 
2 bisectrices of the x axis in drawing, and the y-axis) which makes it and a 45-degree angle 
during membrane formation of (the direction of y in drawing), and a ferromagnetic 134 as the 
direction same during membrane formation of a ferromagnetic 132 and the antiferromagnetism 
film 137 at least. Consequently, magnetization of ferromagnetics 132 and 136 fixes in the 
direction of y in drawing, and magnetization of a ferromagnetic 134 maintains high permeability 
and is suitable in a magnetic field 0 near the direction of 2 bisectrices of the x axis in drawing, 
and the y-axis. Therefore, if the angle at which magnetization of both ferromagnetics also makes 
this configuration by the magnetic field 0 becomes about 45 degrees and a signal magnetic field 
is added in the magnetization fixing direction of a ferromagnetic 1 36, since the magnetization 
direction of both ferromagnetics will become a ferromagnetism-array, resistance decreases, and 
if a signal magnetic field joins reverse in the magnetization fixing direction and the direction 
different 180 degrees, since it becomes to an antiferromagnetism-[ the magnetization direction 
of both ferromagnetics ] array, resistance will increase. That is, operating point bias becomes 
unnecessary. With this configuration, since the number of interfaces increases twice, sensitivity 
also improves. 

[0289] (Example 40) The resistance-magnetic influence of the cascade screen of the magneto- 
resistive effect element of the method shown in the example 38 is explained. 
[0290] In drawing 70 (C), a sapphire C side substrate is used as a substrate 120. Co90Fe10 film 
with a thickness of 6nm which has Pd substrate film with a thickness of 5nm as a ferromagnetic 
121 is used. 5nm Pd film was further formed for thickness as a protective coat on it, using a 
FeMn film with a thickness of 15nm as an antiferromagnetism film 124, using Co90Fe10 film with 
a thickness of 4nm as a ferromagnetic 1 23, using Cu film with a thickness of 3nm as a 
nonmagnetic membrane 122. 

[0291] This cascade screen formed membranes to the package, maintaining a vacuum by the 2 
pole sputtering method. In addition, during membrane formation, the permanent magnet gave the 
static magnetic field, after finishing membrane formation of a ferromagnetic 121, the 90 degrees 
of the directions of a static magnetic field were reversed, and the angle which the easy shaft of 
ferromagnetics 121 and 123 makes was made into 90 degrees. Moreover, 1x10 - 4 or less Pa and 
sputtering gas ** set preliminary exhaust air of sputtering to 0.4Pa. 

[0292] The resistance-magnetic influence of this cascade screen was measured like the example 
33. The resistance-magnetic influence of difficult shaft orientations is shown in drawing 72 . In 
drawing 72 , resistance in a ferromagnetism magnetization array is standardized as 1 . Magnetic 
field change of good resistance of linearity is obtained by the signal magnetic field 0 so that 
drawing 72 may show. Thereby, it turns out that operating point bias is unnecessary. 
[0293] (Example 41) Here, the laminating of another ferromagnetic or the antiferromagnetism film 
is carried out to both the ferromagnetics of the spin dependence dispersion unit which consists 
of a ferromagnetic / a nonmagnetic membrane / a ferromagnetic more than two-layer, and the 
example of the magneto-resistive effect element which made both the bias magnetic field then 
generated intersect perpendicularly in general is shown. 

[0294] Drawing 73 on a substrate 120 A high Hk ferromagnetic with bigger hard ferromagnetics, 
such as CoPt, and uniaxial-magnetic-anisotropy magnetic field Hk than the ferromagnetic of a 
spin dependence dispersion unit 1st bias film 121a for impressing the bias magnetic field which 
consists of antiferromagnetism films, such as NiO, (For example, CoFeRe film of Hk - 5 kA/m 
etc.) The multilayers which carried out the laminating of the 2nd bias film 124 for impressing the 
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bias magnetic field which consists of antiferromagnetism films, such as a spin dependence 
dispersion unit (a ferromagnetic 121, a nonmagnetic membrane 122, ferromagnetic 123) and 
FeMn, one by one are shown. A bias magnetic field mainly joins a ferromagnetic 121 by the 
switched connection to which the bias magnetic field generated from 1st bias film 121a of these 
multilayers let the laminating interface pass. On the other hand, the bras magnetic field 
generated from the 2nd bias film 124 mainly joins a ferromagnetic 123 by the switched 
connection through a laminating interface. This 1st and 2nd bias magnetic field is added so that 
direction relation which intersects perpendicularly in general may be satisfied. Furthermore, 
magnetization of a ferromagnetic 123 makes the 2nd bias magnetic field a value with the strong 
degree which cannot move by the signal magnetic field substantially (10 or more kA/m is 
desirable). 

[0295] On the other hand, the 1 st bias magnetic field strength can rotate magnetization of a 
ferromagnetic 121 by the signal magnetic field, and makes it the magnetic field which is the 
degree which can control a Barkhausen noise. When using an antiferromagnetism film for the 1st 
bias film, specifically, it is desirable to make the bias magnetic field of bias film 121a and a 
ferromagnetic 121 into 5 or less kA/m. If the magnetization direction of bias film 121a is held in 
the fixed direction with a certain means, it single-domain-izes and it unifies bias film 121a and a 
ferromagnetic 121 by strong switched connection in using a ferromagnetic for the 1st bias film, 
bias film 121a and a ferromagnetic 121 can rotate in general similarly by the signal magnetic field, 
and since ferromagnetic 121a is a single domain, a ferromagnetic 121 also becomes a single 
domain and can remove a Barkhausen noise. Or there is also the method of inserting another 
layer in an interface, for example, and weakening less than [ of bias film 121a and a 
ferromagnetic 121 / switched connection -5 kA/m ]. In this case, in order that only a 
ferromagnetic 121 may carry out magnetization rotation by the signal magnetic field it is 
desirable to make magnetization hard to control the permeability of bias film 121a and to move. 
As this permeability control means, there is, adding a tropism bias magnetic field to bias film 
121a on the other hand with improvement in Hk, the improvement in coercive force, or a certain 
means etc. 

[0296] Here, as a means to single-domain-ize ferromagnetic 121a, as shown in drawing 74 , it is 
possible to make bias film 121a longer than a spin bulb unit, and to carry out the laminating of a 
new antiferromagnetism film or the hard film 121b to the edge section of bias film 121a etc. 
[0297] if the magneto-resistive effect element of the above configuration is produced, since the 
magnetization direction of a ferromagnetic 123 will be fixed and magnetization of a ferromagnetic 
121 will change according to a signal magnetic field, a high sensitivity magneto-resistive effect 
element with good linearity obtains by signal magnetic field -0 like the example shown in drawing 
69 — having — in addition — and since the magnetic domain wall of the ferromagnetic 121 
which detects a signal magnetic field is also removable, operating point bias's being unnecessary 
and the signal magnetic field playback without high sensitivity and a noise are attained. 
[0298] When giving the direction of an easy axis of a ferromagnetic 121 in the direction of a bias 
magnetic field and the direction which intersects perpendicularly here uses the ferromagnetic of 
big Go system of especially a magnetic anisotropy for 121, it is desirable. If it does so, since the 
saturation magnetic field and bias magnetic field equivalent to an anisotropy field can be offset 
and Hs can decrease sharply, the inclination of the saturation magnetic field-resistive 
characteristic shown in drawing 69 becomes steep, and high sensitivity signal magnetic field 
detection is attained compared with the case where the usual direction of a bias magnetic field 
and the easy axis of a ferromagnetic 121 are these directions. In order to change a bias 
magnetic field and the easy shaft orientation of a ferromagnetic, there is a method of changing 
the magnetic field impression direction under membrane formation of bias film 121a and the 
magnetic field grant direction under membrane formation of a ferromagnetic 121 etc. 
[0299] As shown in drawin g 75 , (Example 42) On the support substrate 140 Sequential formation 
of the ferromagnetic 144 which consists of a nonmagnetic membrane 143 with a thickness of 
3nm it is thin from the high coercive force film 142 with a thickness of 8nm it is thin from Cr 
substrate film 141 with a thickness [ for controlling the orientation of a high coercive force film ] 
of 20nm, Co, etc., Cu, etc., NiFe with a thickness of 4.6nm T etc. is carried out. Further The 
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electrode terminal 145 was formed on it and the magneto-resistive effect element of spin bulb 
structure was produced. In addition, ultra-high-vacuum E gun vacuum evaporationo performed 
membrane formation of a cascade screen. Substrate temperature at this time was made into 
about 100 degrees C, and the inside of a vacuum chamber was exhausted to 1x10 - 8 or less Pa. 

[0300] The X diffraction pattern was investigated about the Co/Cr film at the time of 
considering as the substrate temperature of about 1 00 degrees C. The result is shown in drawing 
76 . As for this film, also as for Co film with which Cr (200) is high orientation and used this Cr 
film as the substrate film, (110) was high orientation as shown in drawing 76 . In addition, the 
rocking curve half-value width of Co (1 10) peak was about 3 degrees. Next, the R-H curve of the 
difficult shaft orientations of the cascade screen of the structure of NiFe/Cu/Co/Cr/substrate 
shown in drawing 75 which formed membranes at the substrate temperature of about 100 
degrees C is shown in drawing 77 . The R-H curve processed the cascade screen into the 
2mmx6micrometer pattern using the usual resist process and ion mealing, and created it based 
on the value measured by 4 terminal method. At this time, the easy shaft was made into the 
pattern longitudinal direction, and the magnetic field was added crosswise [ pattern ]. 
[0301] As shown in drawing 77 , in impression magnetic field**80Oe, it became about 6.5% of 
resistance rate of change, and the saturation magnetic field became about 3.6 kA/m. 
[0302] Although this structure is satisfactory when the magnetic field from data medium is less 
than 8kA/m since Hc(s) of a high coercive force film are about 8 kA/m, it is not suitable for the 
structure, i.e., the structure where the magnetic field from data medium becomes 8 or more 
kA/m, where between an arm head and data medium is near. Then, substrate temperature was 
made into about 200 degrees C by the same structure as drawing 75 , and thickness, and the 
cascade screen was further formed in the magnetic field of about 8 kA/m. 
[0303] The X diffraction pattern of Co/Cr at the time of considering as the substrate 
temperature of about 200 degrees C was almost the same as drawing 76 . Moreover, this 
cascade screen of the rocking curve half-value width of Co (110) peak was also about 3 degrees. 
Furthermore, when measured in the pole figure skating, the bias of a hexagonal C shaft was seen 
in the direction of a magnetic field. Therefore, the single crystal's Co was obtained compared 
with the cascade screen which formed membranes in the substrate temperature of 100 degrees 
C, and a non-magnetic field. 

[0304] Next, the R-H curve of the difficult shaft orientations of the cascade screen of the same 
structure as drawing 75 which formed membranes in the substrate temperature of about 200 
degrees C and a magnetic field is shown in drawing 78 , The R-H curve processed the cascade 
screen into the 2mmx6micrometer pattern like the above, and created it based on the value 
measured by 4 terminal method. At this time, the easy shaft (C shaft orientation) was made into 
the pattern longitudinal direction, and added the magnetic field crosswise [ pattern ]. 
[0305] As shown in dra win g 78 , by the impression magnetic field, magnetization of a high 
coercive force film was hardly able to be moved also by the case of external magnetic field**1.6 
kA/m, and, moreover, was also able to keep the saturation magnetic field of a NiFe film low in m 
and about 2.8kA /by it. Moreover, resistance rate of change also became about 7.5%. 
[0306] Since the cascade screen of the above-mentioned configuration had stable magnetization 
of a high coercive force film also in external magnetic field 1.6 kA/m, it produced the pattern 
which makes C shaft of Co a longitudinal direction in general by making the easy shaft of a NiFe 
film into the cross direction. Operating point bias becomes unnecessary by this configuration. At 
this time, the magnetic field was added to the pattern longitudinal direction, and the R-H curve 
at that time was measured. In addition, the pattern configuration was set to 2mmx6micrometer 
like the above. The result is shown in drawing 79 . The good R-H curve without a hysteresis was 
obtained, and Hk also showed the value low in m and about 1.6kA /so that drawing 79 might 
show. 

[0307] Moreover, although Co film was used as a high coercive force film here, a CoNi film and a 
CoCr film may be used. Furthermore, as a substrate film, W film etc. may be used other than Cr 
film, and an alloying element may be added to it by using such CKs) and W as the base. In 
addition, this substrate film is applicable to the so-called substrate film of a hard film over whole 
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this invention. Thereby, C shaft can be made to be able to exist in the film surface of a hard 
magnetism film (C shaft is assembled in the specific direction). Therefore, when a hard 
magnetism film is fixed, it can prevent fixing to the ferromagnetic formed on it. 
[0308] Here, the M-H curve of the cascade screen which does not have a substrate film for 
reference is shown in drawing 80 . It turns out that a leakage magnetic field occurs from the 
vertical component of magnetization of Co, and the soft magnetic characteristics of a NiFe film 
are degraded. This is considered that a part of NiFe(s) and magnetization of Co are unifying. 
[0309] (Example 43) As an example 42 shows, since the high coercive force film which formed 
membranes at the substrate temperature of about 200 degrees C is low resistance by the single 
crystal's film, it can make an electronic mean free path longer enough than the thickness of a 
high coercive force film. Therefore, the laminating of the high coercive force film 142 and the 
ferromagnetic 144 was carried out through the Cu nonmagnetic membrane 143 like drawing 81 . 
The resistance rate of change of this cascade screen showed about 15% and a high value. In 
addition, in order to produce the cascade screen of such structure, and to control the 
orientation of the high coercive force film 142 of the 1st layer, it is desirable to prepare a 
substrate film. Moreover, in this example, the Cr film 141 with a thickness of 20nm was used as a 
substrate film. 

[0310] (Example 44) Next, the case where the high coercive force film for orientation control is 
used as a bias film in an example 34 is explained. 

[031 1] In this example, as shown in drawing 82 , the magneto-resistive effect element of spin 
bulb structure was formed through the magnetic insulating layer 146 on the high coercive force 
film 142 for orientation control. Thus, the high coercive force film 142 and the NiFe film 144 can 
carry out magnetostatic association, and the magnetic domain wall of the NiFe film edge leading 
to a Barkhausen noise can be made to fix in a film edge by using the orientation control high 
coercive force film 142. Furthermore, a good element can be produced, without being able to 
avoid the leakage magnetic field inside the effect to the NiFe film of a high coercive force film, 
for example, a film, etc., and degrading the soft magnetic characteristics of a NiFe film, since the 
orientation control high coercive force film is used. Moreover, an antiferromagnetism film etc. 
may be used as an exchange bias film of spin bulb structure here. 
[0312] 

[Effect of the Invention] As explained above, the magneto-resistive effect element of this 
invention can demonstrate high resistance rate of change and outstanding soft magnetic 
characteristics to coincidence, and a so-called size has the industrial value. 



[Translation done.] 
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